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ABSTRACT 


Two  existing  provisioning  models  using  operational 
availability  as  the  key  operational  characteristic  for 
measuring  system  effectiveness  are  compared.  The  two  models 
are  the  O.S.  Army  Selective  Stockaga  for  Availability 
Multi-Echelon  Method  (SESAME)  and  the  Swedish  3PUS  VII. 

The  SESAME  and  OPUS  VII  models  and  their  problem-solving 
methods  are  described.  Mathematical  overviews  of  each  model 
are  examined.  Differences  between  the  models,  their 
advantages  and  limitations  are  discussed.  Each  model  is 
evaluated  in  terms  of  input  parametars,  required  structure 
of  systems,  types  of  outputs,  and  model  shortcomings. 
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A.  BACKGB0U1D 


Recent  studies  show  that  the  ability  of  a  modern  army  to 
fight  has  placed  additional  burdens  upon  the  logistics 
system  that  support  it  [Ref.  .  ].  Success  in  modern  combat 
requires  operationally  and  technically  superior  combat  ready 
material,  men,  and  support  systems.  With  the  advent  of  high 
technology  weapon  systems,  the  shortcomings  in  the  present 
logistics  system  have  warranted  the  revision  of  support 
concepts  and  structures. 

Rear  Admiral  Henry  Eccles  (U. S. Na vy-Ret)  has  pointed  out 
that,  although  great  strides  have  been  made  in  the  field  of 
logistics  management,  some  of  our  most  important  unsolved 
problems  are  logistical  in  nature  [Ref.  2].  The 
deficiencies  and  contradictions  within  our  logistics  systems 
are  often  caused  by  our  lack  of  or  imperfect  knowledge  of 
the  art  and  science  of  logistics.  The  importance  of 
logistics  in  the  nature  and  conduct  of  modern  warfare  must 
not  be  disregarded. 

Logistics  managers  are  required  to  develop  new  concepts 
to  meet  the  new  demands  and  challenges  that  the  modernized 
Army  has  created.  In  addition  to  budgetary  constraints. 

Prof.  i.  H.  Harlow  states  that  the  logistician  must  deal  with 
the  new  readiness  and  responsiveness  postures  that  have  been 
outlined  in  DoD  Directive  5000.39  [Ref.  3].  Maj.  Gen.  Homer 
D.  Smith  (O.s.  Army)  points  out  that  one  of  the  major  areas 
facing  logisticians  and  research  engineers  is  the  coupling 
of  system  reliability  to  the  cost  of  manpower  and  repair 
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parts  [Ref.  4],  Furthermore,  the  crisis  in  the  Meddle  East 
in  October  1973  has  shown  that  the  affectiveness  of  our 
tactical  forces  are  more  dependent  than  ever  upon  their 
ability  to  deploy  rapidly  in  full  readiness  for  combat.  It 
is,  thus,  evident  that  our  ability  to  sustain  prolonged 
combat  depends  upon  our  logistics  effectiveness.  A  Joint 
Logistics  Review  Board  chaired  by  General  Frank  3.  Benson 
Jr.  [O.S.  Army)  produced  findings  concerning  support  during 
the  Arab-Israeli  War.  These  findings  showed  the  need  for 
forward  support  during  the  early  days  of  the  conflict 
[Ref.  1].  Tie  Board  accurately  identified  the  spare  parts 
layering  problem  but  did  not  mention  the  consequences  of 
shortages.  The  JLRB  defined  the  layering  problem  as  how  many 
spare  parts  to  stock  at  specified  maintenance  echelons. 

Effective  logistic  support  is  essential  to  maintain  a 
high  degree  of  military  readiness.  Efforts  have  been 
initiated  recently  tc  correct  the  deficiencies  within 
existing  logistic  structures.  BoD  has  established  guidance 
in  DoD  Directive  5000.39  [Ref.  5]  and  DoD  Instruction  5000.2 
[Ref.  6]  which  directs  the  acquisiton  process  towards  the 
goals  of  readiness  and  availability  [Ref.  7].  According  to 
Assistant  Secretary  of  Defense  James  N.  Juliana,  efforts  are 
being  made  to  relate  stockage  decisions  to  weapon  systems 
readiness  [Ref.  8].  The  key  phrases  within  these  new  DoD 
guidance  documents  are  "quantitatively  related"  and  "system 
readiness".  A  key  concept  of  this  new  guidance  i r  that  of 
operational  availability. 

Availability  is  now  being  considered  the  key  operational 
characteristic  for  measuring  system  effectiveness  [Ref.  9]. 
The  increase  in  readiness  through  increased  availability  has 
become  a  major  concern  of  recent  logistics  efforts.  One  way 
to  increase  equipment  availability  is  to  insure  that  the 
correct  amounts  of  the  required  spare  parts  are  on  hand  at 


the  proper  place  and  tine  and  to  the  proper  depth  in  the 

system  hierarchy  [Bef.  10]. 

Through  the  use  of  computer  models,  potential  solutions 
to  logistics  problems  can  be  quickly  evaluated  based  upon 
defined  measures  of  effectiveness  such  as  availabil j.ty . 

There  exists  a  need  to  relate  these  measures  of 
effectiveness  to  specific  decision-making  processes  in 
supply  and  maintenance  management. 

B.  OBJECTIVE 

The  objective  of  this  thesis  is  to  provide  information 
about  logistics  provisioning  models  through  the  evaluation 
of  two  specific  models.  It  is  part  of  a  larger  study  being 
conducted  by  the  Department  of  Defease  to  analyze  and 
evaluate  several  level-of-rep&ir  and  provisioning  models. 

The  measure  selected  is  operational  availability  (&0)  ?hich 
is  the  currently  specified  DoD  measure  of  effectiveness 
[Bef.  11].  Operational  availability  is  a  measure  of  the 
field  reliability,  maintainability  ind  supportability  of 
systems  and  equipments  and  the  impact  of  these  parameters 
upon  mission  fulfillment. 

C.  TYPES  OF  SQOXPHSBT 

Different  types  of  systems  and  equipment  used  within  the 
Bread  Forces  cannot  be  treated  in  the  same  manner.  The 
technical  characteristics  of  electronic  equipment  cannot  be 
compared  to  the  technical  characteristics  of  a  wheeled 
vehicle.  There  are  several  simplifications  when  dealing  with 
electronic  equipment.  Foremost  is  the  fact  that  times 
between  failures  are  often  accurately  modelled  with  the 
exponential  distribution.  This  results  in  much  better 
mathematical  tractability  with  failures  occurring  in 
accordance  with  a  Poisson  process.  Doth  computer  models 


evaluated  in  this  thesis  define  availability  in  terms  of 
exponentially  distributed  failures.  Due  to  the  nature  of 
electronic  equipment,  maintainability  is  mostly  concerned 
with  corrective  maintenance.  The  area  of  preventive 
maintenance  is  limited  to  such  things  as  tests,  calibrations 
and  monitoring  during  normal  operation.  Stadias  have  been 
conducted  that  indicate  that  corrective  maintenance  time 
follows  a  lognormal  distribution  (Raf.  12].  Mathematical 
evaluation  of  failures,  repair  time,  and  supply  response 
times  leads  to  an  evaluation  of  the  expected  system 
effectiveness  (operational  availability) . 

D.  APPROACH 

Thi3  research  is  geared  to  the  investigation  of  the 
numerical  outputs  of  two  logistic  models  with  the  emphasis 
upon  analyzing  differences  caused  by  different  problem 
solving  algorithms  and  input  data.  The  intent  of  such 
investigations  is  the  determination  of  computational  models 
that  are  simpler  to  use  and  evaluate,  thus  enhancing  the 
applicability  of  the  models  [Ref.  13]. 

The  structure  and  problem  solving  algorithms  of  each 
model  are  examined  in  this  thesis.  Mathematical  overviews 
are  presented  which  shew  how  solutions  are  determined.  Each 
model  is  evaluated  in  terms  of  input  parameters,  required 
structure  of  systems,  types  of  outputs,  and  model 
shortcomings. 

A  sample  problem  is  run  for  both  models  and  the  outputs 
arm  compared.  Differences  are  evaluated  with  respect  to 
isolating  the  input  parameters  that  caused  the  change  and 
the  sensitivity  of  each  model  to  changes  in  inputs. 

The  analysis  consists  of  the  use  of  computational 
techniques  leading  to  the  ranking  of  alternatives  based 
upon : 
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— operational  availability  at  a  fixed  cost  level; 
-- minimum  cost  tc  achieve  a  spacified  operational 
availability. 


E.  THESIS  STRUCTURE 

The  structure  of  this  thesis  and  the  relationships 
between  chapters  are  illustrated  in  Pigure  1-1. 

Chapter  XI  discusses  the  functions  of  the  U.S.  Army 
SESAME  model.  It  describes  the  structure  and  purpose  of  the 
SESAME  model,  and  the  general  uses  of  SESAME. 

Chapter  III  discusses  the  functions  of  the  Swedish  OPUS 
▼II  aodel.  It  describes  the  structure  and  purpose  of  the 
OPUS  PI  I  aodel,  and  the  general  uses  of  OPUS  VII  . 

In  Chapter  IT,  saaple  input  structures  used  to  compare 
the  two  models  are  developed.  The  rationale  and  an 
evaluation  of  possible  causes  for  error  are  discussed. 

In  Chapter  T  the  results  of  these  models  are  compared  and 
evaluated,  including  relative  strengths  and  weaknesses. 

Chapter  VI  provides  conclusions  and  recommendations 
resulting  from  the  analysis. 


Chapter  1 
Introduction 


Figure  1.1  Thesis  Structure. 
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II.  Tgfi  SESABE  10DSL 


A.  BACKGBOOID 

The  concept  of  "sparing  to  availability"  has  become  a 
policy  of  the  Department  of  Defense.  The  idea  of  "sparing  to 
availability"  means  that  it  is  now  necessary  to  consider  the 
effect  of  each  item  upon  the  system's  ability  to  complete 
its  mission.  Dne  important  requirement  in  the  sparing  to 
availability  concept  is  that  the  specified  level  of 
availability  must  be  achieved  at  a  minimum  cost. 

SIS  A  BE  stands  for  selected  stoclcage  for  Availability 
Suit i ^Echelon  flethod.  It  is  used  by  the  United  States  Army 
for  determining  provisioning  levels  and  war  reserve 
requirements  [Bef.  14].  SESAHE  was  developed  by  the  O.S. 
Army  Inventory  Sesearch  Office  as  a  tool  to  support  weapon 
systems  and  end  items  which  could  not  be  supported  by 
deman d-supported  criteria.  As  a  spares  optimi zat*ion  modfel, 
SESABE  computes  the  least  cost  mix  ef  spares  that  will 
provide  a  specified  level  of  system  availabilty  (Figure 
2.1).  Figure  2.1  represents  the  optimal  stockage  using  the 
SESABE  model.  The  endpoints  represent  boundaries  created  by 
cost  limits  and  the  standard  Initial  Provisioning  (SIP) 
requirement.  It  is  one  of  four  spares  optimization  models 
that  have  been  used  by  the  Army  as  initial  provisioning 
models  [Bef.  15]. 

SESABE  is  an  analytic  computer  model  that  can  handle 
multi-item,  multi-system,  multi-echelon  inputs.  It 
determines  which  items  to  stock,  and  where  and  in  what 
quantities  to  stock  then.  SESABE  determines  these  amounts 
while  optimizing  operational  availability  for  a.  given  cost. 
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The  model  was  developed  by  the  United  States  Army 
Development  and  Readiness  Command  (DARCOM)  Provisioning 


Figure  2. 1  Spares  Stockage  versus  Availability. 

Technical  Workshop.  The  Army  Inventory  Research  Office 
(IRO)  had  previously  developed  a  model  which  was  capable  of 
calculating  the  range  and  quantity  of  spares  and  repair 
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parts  necessary  to  support  a  new  item/weapon  system,  the 
Standard  Initial  Provisioning  (SIP)  model.  SESAME  is  au 
outgrowth  of  these  earlier  efforts. 

B.  APPLICATIONS 

There  are  two  major  usages  of  the  SESAME  Model,  (1) 
budget  preparation  (both  peacetime  and  wartime),  and  (2) 
determination  of  essential  repair  parts  stockage  list 
(EBP SI)  items  (Figure  2.2). 

In  the  budgeting  node,  the  program  computes  a  projected 
total  cost  which  serves  as  an  estimate  for  the  funding 
requirements  for  new  systems  that  ace  to  be  deployed.  Since 
the  systems  are  usually  still  in  early  stages  of 
development,  in  this  node  SESAME  requires  only  aggregated 
dollar  figures  as  input.  This  input  uses  data  gathered  from 
whatever  assemblies  are  available  at  the  tine.  These  items 
are  ranked  by  means  of  the  parameter  Haan-Tiae-Between- 
Failure  per  Unit  Cost,  and  the  provisioning  cost  for  each  is 
calculated  by  SESAME.  The  EBPSL  application  determines 
availability  and  cost  based  upon  detailed  data  about  the 
components  and  parts. 

SESAME  may  be  used  for  both  Peacetime  and  Wartime 
applications.  Both  share  the  same  algorithms.  The  Peacetime 
requirements  are  used  to  represent  expected  initial 
deployment  and  peacetime  usage  rates.  The  Wartime 
requirements  are  used  to  examine  diffacent  scenarios,  which 
can  represent  differing  levels  of  combat  intensity,  combat 
loss  and  delays  due  to  combat.  At  present,  SESAME  cannot 
handle  a  surge  in  supply  requests. 


ISSOBPTIOIS 


The  following  assumptions  are  aids  by  the  SESAME  model 
1)  A  systea  of  up.  to  three  echalons  exists;  each  unit 


3)  Upon  failure,  a  replacement  is  automatically  ordered 
and  the  bad  part  is  either  discarded  or  sent  to  a 
repair  facility. 

4)  Line  Replaceable  Units  (LRUs)  and  Shop  Replaceable 
Units  (SRUs)  are  identified. 

5)  Failures  are  independent,  occur  at  random  times, 
and  follow  an  exponential  distribution. 

6)  SESAHE  does  not  recognize  constraints  such  as 
states  of  limited  operational  capability. 

7)  In  order  to  deal  with  operational  spares  (rotatable 
items  that  can  be  put  intc  use  while  a  system  is 
under  repair),  the  failed  item  must  be  dealt  with 
as  an  LRU,  or  SESAHE  must  be  supplemented  with 
additional  programs  [Ref.  IS]. 

0.  PEBFOBBASCS  USIVG  OPERATIONAL  AVAILABILITY  (A0) 

SESAHE  uses  operational  availability  as  a  performance 
measure.  Operational  availability  leasures  the  ability  of 
an  end  item/systea  to  enter  its  mission  and  is  defined  as 
the  percentage  of  time  that  a  system  is  mission  capable. 
Operational  availability  is  a  requirement  determined  by  the 
user. 

Operational  Availability  is  defined  by  Army  Regulation 
702-3  as  "the  degree  to  which  an  item  is  either  operating  or 
is  capable  of  operating  at  any  random  point  in  time" 
r  _  17 1.  TK 

is  is  scjusl  to  ths  ssDnni  of  05  nips  out  upfiso 
divided  by  the  amount  of  equipment  downtime  plus  uptime.  In 
the  case  of  this  equation  uptime  is  defined  as  either 
operable  or  in  a  standby  state. 

Uptime 


Uptime  +  Downtime 
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SESABE  converts  this  equation  to 


Average  Uptime  per  cycle 


Average  length  of  a  cycle 


where  a  cycle  consists  of  two  consecutive  tine  periods;  z 
period  where  the  systee  is  up  followed  by  a  period  of  time 
when  the  systee  is  down.  This  utilization  of  cycle  tine  is 
an  attempt  to  make  SESAME  more  applicable  to  systems  which 
are  not  evaluated  solely  by  operating  time.  Some  systems 
used  by  the  0. s.  Army  are  evaluated  by  the  actual  operating 
hours  per  day  rather  than  operating  24  hours  per  day.  For 
example: 


-One  Cycle-- 

*)  (- 

Cycle-- 

Bepair  OP 

Awa iting 

Repair  OP 

Tine 

- 

Parts 

Time 

T2 

T3 

T4 

T5 

where  Bepair  Time  is  part  of  downtime. 


Prom  the  above  diagram: 
ED 


BU  ♦  EHT  ♦  ED 

where 

ED  *  Expected  Optima  per  Cycle 
EHT*  Expected  Bepair  Time  per  Cycle 

ED  =  Expected  Delays  until  Part  is  Available  per  cycle 
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This  definition  of  availability  is  important  when  the  cycle 
time  occurs  for  a  period  where  operating  hours  is  less  than 
24  hours. 

SESiBE  defines  operational  availability  as:  [  Bef .  14] 

BCTBP 

* .  (2-3) 

BCTBP  +  BTTB  ♦  BLDT 

where 

BCTBP  (Bean  calendar  Time  Between  Failures) 

3  Expected  uptime  per  cycle 

*  (Bean  Time  Between  Failures)  MTBF/  3PHD 
where  OPHD»Operat ing  hours  per  day 

BTTB  (Bean  Time  To  Bepair) 

*  expected  repair  time  when  spares  are  available 

BLDT  (Bean  Logistics  Delay  Tima) 

*  expected  delay  until  a  serviceable  spare  is 
available. 

The  demand  support  stockage  policy  requires  the  stockage 
of  spare  parts  based  upon  the  demand  generated  by  failures 
of  those  parts  within  the  operational  environment.  The 
problem  with  a  system  of  sparing  based  upon  demand  support 
is  that  a  reasonable  availability  cannot  be  readily 
attained.  This  is  because  of  the  criticality  of  specific 
items  which  have  a  low  failure  rate.  These  items  fail 
infrequently  but  their  failure  has  a  significant  effect  upon 
the  availability  of  the  system.  These  are  not  adequately 
represented  by  the  demand  support  stockage  policy. 

Figure  2.3  represents  this  occurrence  for  an  equipment 
consisting  of  a  mixture  of  demand  and  non-demand  items 
[Bef.  18].  The  figure  shors  that  the  demand  support  sparing 
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will  yield  a  systea  availability  that  is  not  on  the  optimal 
availability  curve.  Therefore,  any  availability  received 


SYSTEM  . 


STOCK  IN  MILLIONS  OF  DOLLARS 


Figure  2.3  Demand  Support  Stockage  vs.  Sparing  to  Availability 

froa  this  stockage  policy  will  be  lass  than  that  using  a 
policy  represented  by  the  C-E  curve.  The  curve  in  Figure 
2-3  represents  the  lowest  cost  nil  of  spares  to  achieve 


different  systea  availabilities  when  the  optimal  stockage 
policy  is  used  for  all  critical  items  within  the.  system.  The 
nixture  provides  a  higher  level  of  availability  at  the  same 
approximate  cost  level. 

There  are  several  equipments  that  are  well  suited  for 
the  application  of  provisioning  models; 

1.  Equipment  having  high  operational  availability 
requirements, 

2.  Equipaent  with  low  density  deployment  quantities, 

3.  Equipaent  designed  with  redundant  configurations 
below  the  end-item  indentura  level  [Hef.  18]. 

B.  SES1BB  STB0CTUBE 

S ESA HE  can  handle  both  symmetric  and  asymmetric  support 
structures.  These  structures  define  the  number  of  units 
supported  at  each  aaintenance/supply  echelon. 

saeEsst  SfcEastuse 

1  symmetric  structure  is  one  in  which  each  supply 
point  within  tho  system  has  exactly  the  same  demand 
requirements  as  any  other  point  on  the  same  echelon  level 
(Figure  2.4).  An  asymmetric  structure  is  one  in  which  each 
point  within  the  system  does  not  necessarily  have  the  same 
demand  requirements  as  any  other  point  (Figure  2.  5)  . 

SESAHE'  defines  a  non-vertical  structure  as  one  in 
which  an  echelon  has  a  maintenance  function  but  cannot  fill 
supply  requests.  This  represents  the  ability  of  a  higher 
echelon  unit  to  perform  the  required  maintenance  functions 
for  a  supported  unit  but  not  the  supply  function.  In  order 
for  the  demand  generating  unit  to  receive  the  required 
spare,  it  must  pass  the  request  to  the  next  higher  unit  in 
its  supply  hierarchy  (Figure  2.6). 


figure  2.4  Symmetric  structure. 

2.  sins a  sitas^ats 

Bithin  SES1HB  an  indenture  level  refers  to  the 
hierarchical  role  of  a  coaponent  within  a  systea.  A 
coaponent  aay  be  an  LBH  or  an  SRU.  Por  example,  a  second 
level  coaponent  (SBU)  is  used  to  fix  a  first  level  component 
(LRU)  which  is  used  to  fix  an  end  item. 


SESAHS  computes  stockag9  on  lower  level  components 
based  upon  economic  considerations,  but  does  not  explicitly 
model  their  effect  upon  down  time.  By  using 


part  is  essential,  it  is  always  stocked.  If  a  part  is 
non-essential,  it  is  treated  as  a  non-LRU  even  if  it  is  an 
LRU .  As  a  non-LRU,  the  item  has  no  affect  upon  determining 


I 


represents  maintenance  support  without  supply  support 
represents  supply  and  maintenance  support 


Figure  2.6  Hon-?ertical  Structure. 

the  total  systee  operational  availabiliy,  Similarly,  if  an 
itee  is  denoted  a  Fault  Isolation  Module  (FIB),  it  requires 
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removal  to  determine  failure.  Items  designated  FIH  are 
required  to  be  stocked  at  least  once  at  each  echelon  where 
the  item  can  be  removed  and  replaced.  An  item  designated 
FIH  can  be  a  non-LRU  item.  A  part  can  be  designated  FIM  when 
it  is  an  SRU  if  it  is  determined  that  the  part  oust  be 
removed  in  order  to  determine  its  status.  If  an  item  is 
essential  it  is  required  to  be  stocked,  if  the  item  is 
non-essential  it  is  treated  as  a  non-LRU  even  if  it  is  an 
LRU.  If  a  spare  is  PM  it  must  be  stocked  at  least  once  at 
each  echelon. 

3 .  j&ia&aaiasa  iaUsx 

SESAHE  recognizes  that  parts  need  not  fail  in  order 
to  be  removed.  It  treats  item  failures  as  system  failures. 
SESASE  defines  the  level  at  which  repairs  can  be  conducted 
for  specific  spares.  This  is  the  Maintenance  Task 
Distribution. 

SESAHE  does  not  treat  cannibalization  at  the  present 
time.  Mo  steps  are  presently  being  taken  to  add  this  feature' 
to  the  SESAHE  model. 

4 •  BsaaEBlX  Considerations 

When  an  organization  (ORG)  is  out  of  stock  and 
requests  a  part  from  a  direct  support  unit  (DSU)  ,  the  ORG 
wait  will  depend  upon  the  DSU  due-in  date.  Host 
multi-echelon  models  incorrectly  assume  that  the  ORG  request 
will  be  delayed  the  full  Order  and  Ship  Time  (OST)  from 
Depot  to  DSU.  SESAHE  uses  the  Two-Point  improvement  to 
METRIC  [Ref.  19]  and  plans  to  adopt  VAHIMETRIC  [Ref.  20]  to 
the  present  software  used  within  SESAHE.  The  Two-Point 
improveeent  is  a  aeans  to  calculate  ti^e  weighted 
backorders.  This  process  is  based  upon  the  fact  that  the 
due-in  to  a  stockpoint  is  represented  as  a  Poisson  Process 
coepounded  by  a  two  point  distribution  of  the  mean.  The  two 
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points  result  fro*  a  simplified  representation  of  the 
continuous  distribution  derived  from  the  observed  Order  Ship 
Ti*e.  The  two  points  represent  an  QST  based  upon  the  input 
OST,  which  assumes  no  delay,  and  the  OST  augmented  by  the 
average  tine  of  backorder,  given  that  a  backorder  exists, 

F.  H1THEBATIC1L  OTEBfIEf 

S  ESA  HE  can  handle  large  problems  very  quickly  by 
utilizing  a  Lagrangian  aultiplier  optimization  technique 
[Ref.  21].  The  basic  optimization  objective  of  the  model  is 

[Bef.  22] 

HiniaizeZ  Z  S  (I,J)  x  N(J)  x  OP  (I) 

I  J 

Subject  to  PNOBS  <  <*. 

where 

S(I,J)  *  amount  of  item  I  stocked  at  an  echelon 

J  unit 

N ( J)  -number  of  units  stocking  spares  at 

echelon  J 

UP  (I)  -unit  price  of  itea  I 

PHOBS  «%  of  time  system  is  down  due  to 

unavailability  of  a  component 
-maximum  permissible  PNOBS 

The  PNOBS  constraint  is  modelled  by  restating  the  problem  as 

follows: 

Hin^Js  dr  J)XN  (J)  XUP(I)  ♦£2EB  (I,  J]  XBTD  (I,  J)  xN(  J)  xBPC(I) 
t  J  r  3  (2-4) 

where 

EB  (I,J)  -  expected  amount  of  item  I  backorderd 
at  echelon  J 

B TD (I, J)  -replacement  task  distribution  percent 
BPC  (i)  -backorder  penalty  cost 
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(The  replacement  task  distribution  is  a  standard  Army 
provisioning  tern  ihich  represents  where  the  component  is 
removed  and  replaced;  for  example  HID  (1,1)  =  100%  means  '■hat 
the  component  is  solely  used  by  the  elsuent  at  the 
organizational  echelon.) 

1-  Optimization  Technique 

a.  Single  Item  Optimization 

The  objective  of  single  item  optimization  is  to 
determine  upper  bounds  for  the  optimum  stockage  quantities, 
then  dynamically  reduce  these  bounds  based  upon  potential 
optimum  solutions  as  they  are  evaluated. 

The  procedure  used  is  based  upon  determining  the 
lowest  and  highest  values  of  total  most  where  total  cost  is 
the  sum  of  of  backorder  and  inventory  costs,  given  stockage 
at  a  specific  echelon  J,  and  inventory  cost  is  charged  only 
for  stock  at  echelons  1  thru  (J-1). 

(s*)  (DP)  +  xc^_((s*)<  (0)  (op)  *  r:  (O)  (2-5) 

■v 

where  “Stockage  at  echelon  J 

-r 

TC  (S)  “Lowest  possible  sum  of  backorder  and  inventory 
J"i  * 

costs,  given  =  s^. 

OP  “Unit  Price. 

4 

S  ;  “Optimum  stockage  at  echelon  J. 

v 

This  implies  that  as  upper  echelon  stock  is  raised,  delays 
to  lower  echelons  drop  and  so  do  echelon  costs.  For  the 
upper  echelon  n,  all  values  for  S  are  tried  until  an  upper 
bound  on  S  is  reached.  At  the  lowest  echelon,  cost  is  a 
convex  function  of  S  therefore  the  bounding  procedure  is 

<  ^  -f 

not  necessary.  For  each  value  of  s^,  a  value  of  TC^  ^  (S^) 

is  detemined. 
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b.  Hulti-ltem  Optimization 


Multi-Item  Optimization  within  SESAME  is 
computed  using  the  AQ  formula  to  minimize  inventory 
investment  subject  to  Mean  Logistics  Downtime  (MLDT) . 

5  (MLDT^  /MCTBFt  ) 

MLDT  - -  (2-6) 

(1/HCTBF-  ) 

and 

EHF  - - 

MCTBF 

share 

EHF  *  Effective  Haintenance  Factor#  the  number  of  LEO 
removals  per  end  item  per  year. 

Relative  removals  are  proportional  to  relative  failure 
rates#  therefore# 

(EHF)  (1/MCTBP  ) 
c 

EHFc  -  (2-7) 

1/HCTBF 

substituting  the  formula  for  EHF  #  in  the  formula  for  MLDT 
>(MLDT.  )  (EHF;  ) 

MLDT  «  — - 

EHF 

where 

THB^ 

HLDT^« -  (2-8) 

<EHPl  )  (H) 

where 
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V\'- 


JL-'  m/1  «_7 


N  *  the  number  of  weapon  systems  supported 
TWB^  *  the  expected  time  weighted  backorders  for  the  ith 
component. 

Therefore 

TWB; 

BLOT  - -  (2-9) 

(EBP)  (H) 

2.  SMsaUaaai  Mai AaaiiiM 

The  Operational  availability  (Ac)  calculates  within 
SESABE  is  a  functioh  of  the  expected  backorders  of  the 
components,  the  yearly  removal  rate  of  each  component,  the 
average  time  between  system  failure,  and  downtime  while 
system  is  in  repair.  In  determining  AQ,  only  essential  LRU’s 
are  considered. 

SESABE  defines  operational  availability  in  terms  of 
MCTBF,  LOT  and  BTTB.  This  formula  has  the  advantage  that  it 
cr.n  estimate  the  system  BCTBP  from  the  component  failure 
factors  without  depending,  upon  the  BCTBP  of  the  indiviual 

items. 


BCTBP 


BCTBP  ♦  BLDT  ♦  BTTR 
BLDT 


Sk*>  1- 


HCTBP  ♦  BLDT  ♦  BTTR 


Given  that  BTTR  is  very  small. 
Si  *BCTBF/  (BCTBP  ♦  BLDT) 


(2-10) 


(2-11) 


(2-12) 


where 

kQ  *  Operational  Availability,  hours  the  system 
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is  up  as  a  per  ce nt  of  total  hours. 

5A  =  Supply  Availability,  per  cant  of  hours 
system  is  not  down  due  to  unavailability 
of  a  component. 

HLDT-  Logistics  Down  rime,  average  time  to 
get  an  LBO  when  needed. 

SESAHE  is  an  analytic  computer  model  that  can  be  run 
interactively  or  in  a  batch  mode.  SESAHE  can  handle  four 
echelons  but  it  presently  optimizes  three.  One  of  the  major 
products  of  the  SESAHE  model  is  the  Hean  Logistics  Delay 
Time  (HLDT)  which  is  the  weighted  average  of  the  delay  for 
the  LED  spares.  Availability  is  determined  but  it  is  through 
BLDT  that  spares  provisioning  affects  A0 .  SESAHE  allocates  a 
fixed  budget  to  achieve  the  highest  possible  A0.  Since  HLDT 
is  the  only  factor  affected  by  stockage  decisions,  achieving 
a  maximum  A  is  eguivalent  to  determining  a  minimum  HLDT  for 
a  fixed  budget. 

HLDT- -  X  HCTBF  -  HTTR  (2-13) 

3.  e&BsiUa  aa&a&ilsa 

Pipeline  quantities  are  the  basis  for  stockage.  The 
pipeline  is  the  amount  of  spares  to  be  stocked  at  each 
echelon  based  upon  demand,  the  percent  of  repairs  to  be 
performed  at  that  echelon,  demand  causing  a  request  from  the 
part  supplier,  and  the  order  ship  time.  The  general  formula 
for  pipeline  at  a  stock  point  is  :  [Ref.  23] 

Spare  stockage  according  to  pipeline- 

(DDR)  X  (PBS)  X  (RCT)  +  (DDR)  X  (DCO)  X  (OST  +  OLD)  (2-14) 

where 

DDR  -  Daily  Demand  Rate 

PR 5  »  %  of  demand  to  be  repaired  at  stockpoint 


33 


SCT  *  Repair  Cycle  Time 

DCO  *  *  of  Demand  Causing  Order  from  supplier 
OST  *  Order  and  Ship  rime 
OLD  *  Operating  Level  Days 

The  nature  of  the  pipeline  makes  the  following  input  data 
critical: 

-The  failure  factor  is  the  most  critical  input. 

-I  change  in  the  maintenance  task  distribution  will 
result  in  repairs  of  LRU's  closer  to  the  user  which 
will  cause  lower  demand  rates. 

-i  change  in  the  replacement  task  distribution  will 
result  in  replacement  of  non-LBU's  at  higher  echelons 
which  will  eliminate  some  of  the  pipeline  required  for 
those  spare  parts. 

-Changes  in  Order  Ship  Time  affect  all  spares  at  that 
echelon. 

\ 

4.  ^tggkftCe  List  %gthod 

The  Stockage  List  Method  is  used  when  the  input  data 
contain  detailed  information  about  the  number,  type  and 
specifications  of  the  parts.  SESAME  will  produca  the 
stockage  cost  for  the  sample  required  to  achieve  a  target 
availability  that  the  user  has  entered  as  an  input. 

SESAME  determines  the  retail  stockage  requirements 
in  terns  of  two  retail  budgeting  approaches.  One  approach  is 
to  take  the  total  initial  issue  funds  required  to  support 
all  operational  items  at  the  end  of  a  deployment  year,  and 
then  subtract  previously  budgeted  initial  issue  dollars. 

This  approach  is  called  the  cumulative  approach  to  retail 
budgeting.  The  other  method  is  to  consider  only  the 
requirements  of  units  that  come  into  existence  during  the 
respective  deployment  year.  This  is  called  the  incremental 


approach  to  retail  budgeting.  The  type  of  retail  approach 
used  in  the  SESAME  model  should  closely  resemble  the  actual 
plan  for  deployment  visualized  within  the  budget. 

In  determining  the  budget,  SESAME  divides  stockage 
into  wholesale  and  retail  requirements.  The  wholesale 
requirement  covers  the  consumption  of  spares  due  to  washout 
and  the  impact  of  the  depot  level  repair  cycle. 

SESAME  defines  consumption  as: 


consumption 


(3DENS+DENS) 

- - — . - x  (BYEAHS)  x  (washouts/item/year) 

2 


(2-15) 


whmjre 

BDEHS  ‘Beginning  density  (units  of  program) 
DENS  ‘Ending  density  (unitsof  program) 
BYEABS  ‘Years  in  budget  horizon 


G.  SOHHABY 

In  summary,  SESAME  can  allocate  spares  to  units  at 
different  echelons  based  upon  a  fixed  budget.  By  defining 
the  input  parameters  to  the  pipelina,  an  analysis  of 
stockage  policy  is  possible.  By  using  multiple  iterations  of 
SESAME  with  different  supply  and  maintenance  distributions, 
the  user  can  determine  the  optimum  stockage  policy  to  use  at 
a  given  budget  and  required  operational  availability. 
Deployment  of  spares  according  to  the  budget  can  be  modelled 
and  estimates  of  total  system  cost  can  be  generated  when  all 
system  knowledge  is  not  available.  SESAME  produces  output 
which  allows  the  user  to  know  where  parts  are  allocated  and 
how  much  the  total  cost  of  spares  will  be  at  each  echelon 
for  a  target  level  of  availability  or  total  cost. 
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III.  THg  OpPS  HI  MODEL 


A.  BiCKGBOUID 

The  OPOS  sodel  was  initially  developed  (1970)  by 
Systecon  AB,  Sweden,  as  an  in-housa  sponsored  project  for 
the  Swedish  government.  The  improvements  that  have  been 
incorporated  into  the  OPOS  model  since  then  have  been  made 
as  a  result  of  contracts  from  the  Material  Departments  of 
the  Swedish  Defense  Material  Administration.  [Bef.  24]. 

OPOS  was  created  as  a  steady-state  model  for  optimal 
allocation  of  LBO's  and  SBO's  in  a  maintenance  organization. 
The  original  intent  of  the  aodel  was  to  serve  as  a 
computer-based  aid  for  initial  provisioning.  Continued 
refineeents  have  enabled  the  OPOS  aodel  to  deal  efficiently 
with  the  following  types  of  problems  [Bef.  25] 

-Initial  procurement  of  spares  (allocation  of  spares 
within  the  organization)  , 

-Heallocation  of  a  given  assortment  of  spares, 
-Beplenisbaen t  procurement  of  spares, 

-Reallocation  of  a  given  assortment  and  initial 
procurement  of  new  types  of  spares,  and 

-Cost-Eff ectiveness  evaluation  of  alternative 

* 

maintenance  and  supply  concepts  and  alternative 
system  configurations. 

OPOS  is  designed  to  use  any  or  all  of  four  different 
measures  for  evaluating  the  effectiveness  of  a  problem 
solution.  These  Measures  of  Effectiveness  (HOE)  are: 

a)  System  operational  availability  (A0). 

b)  Probability  of  successful  mission  performance. 

c)  Bisk  of  shortage  when  a  spare  is  demanded. 

d)  Mean  waiting  time  for  a  spare  (computed  for 
each  level  of  the  maintenance  organization)  . 


B.  CHAB1CTEBISTICS 


The  original  design  of  the  OPUS  model  placed  emphasis 
upon  the  ability  of  the  model  to  be  efficiently  used  as  a 
stud**  tool.  This  design  concept  provided  the  OPUS  Hodel  with 
several  special  characteristics: 

-An  ability  to  handle  1,80*3  and  SBU*s  in  a  hierarchic 
maintenance  organization  with  an  arbitrary  number 
of  echelons, 

-A  means  by  which  to  choose  different  measures  of 
effectiveness, 

-A  means  to  run  multiple  levels  of  investment  and 
spares  allocation, 

-A  computer  methodology  which  is  not  costly  to  run  and, 
therefore,  enables  extensive  studies  of  possible 
solutions,  and 

-A  capability  to  handle  different  systems 
simultaneously. 

As  with  most  computer  models,  the  value  of  the  OPUS  VII 
outputs  is  directly  related  to  the  quality  of  the  input 
data.  OPUS  VII  has  the  ability  to  perform  sensitivity 
analysis  upon  its  input  variables,  in  this  manner,  the  user 
can  determine  the  importance  of  each  input  and  the  amount  of 
precision  that  the  input  data  requires  in  order  to  provide  a 
valid  result. 

OPUS  VII  is  user  friendly.  The  output  is  designed  to 
assist  an  analyst  and  the  OPUS  output  will  provide  him 
with: 

-Graphs  depicting  how  the  MOB  is  related  to  level  of 
investment, 

-Tables  of  different  levels  of  investment,  showing 
number  of  each  type  of  spare  to  be  purchased,  and  the 
best  location  for  the  storage  of  these  spares, 

-Tables  reflecting  the  distribution  of  initial 
investment  costs  among  the  different  levels  .if 
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the  organization,  and 

-An  overall  cost-effectiveness  curve. 

C.  ASSUHPTIOHS 

The  algorithms  used  by  the  OPOS  VII  Model  are  based  upon 
the  following  assumptions: 

-The  demands  are  Poisson  distributed. 

-lean  values  of  turn-around  time  are  known. 

-Failures  are  independent  of  other  item  failures 
and  are  known. 

-Repair  times  are  statistically  independent  and 
are  known. 

-Ho  waiting  times  at  the  maintenance  facilities 
(no  batching  of  repairs)  . 

-As  soon  as  ,a  spare  is  requested,  a  replacement 
spare  is  ordered  (an  (S-1,S)  stockage  policy). 

OPUS  VII  utilizes  two  types  of  optimization 
techniques.  The  techniques  are  defined  within  a  macro  and  a 
licro  structure.  Both  structures  can  be  described  as 
isbedding  methods.  The  mic restructure  can  also  be  viewed  as 
a  dynamic  programming  method.  The  macrostructure  divides 
the  problem  into  multiple  subprobleas.  Each  subproblem  is 
restricted  to  no  more  than  1500  independent  variables.  By 
utilizing  both  methods,  opus  can  handle  very  large  and  very 
complex  problems. 

The  concept  of  cost-effectiveness  is  a  major  part  of 
the  optimization  procedure  used  by  OPOS.  The  measure  of 
effectiveness  is  considered  as  a  function  of  the  stock 
levels,  given  all  relevant  information  concerning  the 
activities  and  support  flow  of  the  organization.  The  measure 
of  cost  is  the  total  investment  in  LRU's  and  SRU's  which  are 


to  be  distributed  in  the  organization,.  If  a  specific  cost 
constraint  is  given,  it  is  possible  to  determine  values  of 
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l 

Figure  3.1  C-B  curve  Hob  as  a  Decreasing  Function  of  the  Invest aent.  j 

spare  stock  levels  where  the  chosen  measure  of  effectiveness 
is  optimized  (Figure  3.1)  [Hef.  2*]. 
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D.  S YSTEH  STBUCTOBE 

OPOS  VII  was  designed  to  handl9  systeas  using  Line 
Geplaceable  Units  (LRU's)  and  Shop  Replaceable  Units 


Figure  3.2  OP  os  systoe  structure. 

(SRU's).  The  ability  of  OPUS  to  handle  more  than  one  system 
at  a  time  and  the  ability  to  handle  additional  system 


indentures  requires  that  specific  input  data  be  available 
This  input  data  must  contain: 


SRU  Data 

-nuaber  of  different  types  of  SRU's 

-for  each  SRU  type,  replaceaent  rates  and  unit  prices 
LRU  Data 

-nuaber  of  different  types  of  LRU' 

-for  each  LRU  type,  replaceaent  rates  and  unit  prices 

-for  each  LRU  type  aodularized  into  SRU's, 
identification  of  those  types  of  SRU  it  contains, 
nuaber  of  units  of  any  such  types. 

Systea  Data 

-nuaber  of  different  types  of  systems 

-For  each  system  type:  identification  of  those 
types  of  LRU  it  contains, 
nuaber  of  units  of  every  such  type. 

-Systea  Bean -riae-Between- Failure  (MTBF) . 

Figure  3.2  depicts  an  example  of  tha  structure  of  a  systea 

[Ref.  2«3» 

1.  2l£UC&&£°  £ai  §2££ort  Orqaaijatioa 

OPUS  FIX  places  very  few  constraints  upon  the 
aaintenance  and  support  organizations  tint  it  models.  The 
only  major  requirement  is  that  the  support  structure  be 
built  in  a  hierarchical  way.  By  hierarchical  it  is  meant 
that  every  unit  on  one  level  (echelon)  will  be  supported  by 
a  unit  or  units  of  a  higher  level  (echelon)  .  This  structure 
allows  for  the  flow  of  spares  betwean  stations  at  different 
levels  by  the  use  of  Mummy"  stations.  "Duamy"  stations  are 
added  to  the  hierarchy  and  they  have  turn-around-times  but 
zero  stockage  levels  (Fig  3.3).  opus  also  allows  lower 
echelon  units  to  be  supported  by  more  than  one  upper  echelon 
unit.  This  support  systea  is  done  by  defining  the 
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probability  that  a  lower  echelon  unit  s  supported  by  a 
given  upper  echelon  unit  (PNIPB)  . 


- 


represents  turnaround  time  to  and  from  the 
"dummy"  station.  A  "dummy"  station  may  pass 
but  cannot  stock  spares  at  its  level. 


Figure  3.3  OPOS  Support  Structure. 
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a.  Elements  of  the  Support  Structure 

To  model  the  support  flows,  OPUS  uses  a  number 
of  basic  elements.  These  basic  elements  are  combined  with  a 
set  of  rules  which  define  the  way  iu  which  basic  elements 
are  put  together.  The  basic  elements  are: 

-station 

-identifier 

“address 

“demand 

-support 


b.  Stations  of  the  Support  Structure 

There  are  three  stations  within  the  support 
organization  that  are  built  up  by  the  basic  elements.  These 
stations  are: 

a)  End  Support  station  (ESS)  -  corresponds  to 

depot  (maintenance)  level,  and  may  include  stockage 
facilities. 

b)  Support  Station  (SS)  -corresponds  to  intermediate 
or  organizational  level  of  maintenance,  and  may 
include  stockage. 

c)  Demand  Generating  station  (DGS)-the  organizational 

user. 

c.  Rules  for  Creating  Support  Systems 

OPUS  enables  these  stations  to  be  combined 
arbitrarily,  forming  a  support  system.  This  support  system 
can  be  handled  by  OPUS  as  long  as  the  following  rules  are 
followed: 

-Each  DGS  must  be  supported  by  one  and  only  one  SS  (at 
Organizational  level)  . 

-Each  SS  (at  the  Organizational  level)  must  be  supported 
by  one  or  more  SS  (at  an  intermediate  level)  or  ESS. 


In  SS  may  exist  at  the  organizational  level  and  serve 
as  the  unit  that  stocks  spares  at  that  echelon,  this 
unit  is  separate  fro®  the  DGS. 

-There  exists  at  least  one  ESS  and  at  least  one  DGS. 

-A  specific  demand,  and  its  resultant  demands,  must 
net  loop  back  and  regenerate  another  demand. 

This  refers  to  the  fact  that  if  a  spare  is  not 
available  at  the  next  higher  echelon  and  a  due- in 
is  established,  the  lower  echelon  unit  will 
receive  notification  that  the  part  is  due-in  and 
should  not  re-order  the  part. 

d.  Required  Support  Station  Input  Data 


In  order  to  run  OPtJS,  the  following  Support 
Station  data  are  required: 

-A  demand  history  which  identifies  which  stations 
initiated  which  demands, 

-Identification  of  which  items  are  allowed  to  be  kept 
in  inventory, 

-The  time  to  repair  an  item  required  at  a  station,  and 

-Time  to  receive  a  spare  from  the  next  higher  SS  when 
no  shortage  exists. 

2. 


A  given  problem  is  divided  into  a  number  of 
independent  Su bprob leas.  The  number  Of  independent  Variables 
within  each  subproblem  is  dependent  upon  the  type  of 
computer  used  (Bmf.  26].  By  solving  subproblems,  OPOS  comes 
up  with  a  cost-effectiveness  curve.  By  performing  a  marginal 
cost  analysis  upon  the  results  of  aich  subproblem ,  a  final 
C-E  curve  can  be  produced. 
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3.  lie  &i£££§t£uc£u£§ 


The  system  is  defined  in  teems  of  the  set  S  of  all 
independent  variables,  where 

S«  S  U  S  U..  .U  S, 

I  A  k 

and  the  subset  S  is  independent  of  all  other  subsets.  The 
variables  of  sk  are  autually  independent. 

Por  exaaple, 

S,»  (All  SRU's  at  the  ESS) 

S,3  (All  LRU's  at  the  ESS) 

(All  SRU's  at  SS  ,  SS  ,  SS  ) 
s3»  (All  LRU's  at  SS  level) 

(All  SRU's  remaining  at  SS  level) 

S^  3  (All  systeas  of  DSS1,  DGS2, • . . ,  DGSk) 

The  optimizing  procedure  calculates  a  C-E  curve  of 
the  subset  SI.  Subsequently,  a  C-E  curve  is  determined  for 
subset  S2.  This  is  possible  because  S2  depends  only  upon  SI. 
This  procedure  is  continued  for  all  subsets.  This  procedure 
produces  stockage  levels  for  the  entire  space  S. 

B.  HATBBBATICAL  0VB1VIBB  OP  OPUS  VII 

1.  fleas  Optimization  Aifl o^itha 

The  algoritha  used  by  OPUS  VII  to  determine  an 
optiaua  solution  is  defined  for  problems  in  general  and 
then  aodified  to  handle  more  difficult  (multi-level)  type 
probleas.  The  algoritha  determines  a  C-E  curve  in  terms  of  a 
subset  S.  The  subset  S  is  denoted 

« c,,«  \i '  • 1*1-2 . L  (3-’' 

where 

C  (i)  *  unit  price  per  item 
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.V-  V 


(3-  2) 


E(i)  =  measure  of  effectiveness  1  represents  the 
corresponding  stock  levels. 

The  total  demand  rate  of  s  is  definad  as 

DTOT  *  H(i)  D  (i) 

c=<yi 

where 

B(i)  -multiplicity  factor  used  in  describing  symmetries 
in  maintenance  organizations. 

D (i)  ^Demand  Bate 

and  the  Turnaround  Time  (TAT)  is 

T  (i)  #  •  ••  f  Dg^. 

where 

T(i)»TO(i)  E(j) 

T0(i?  *a  constant  independent  of  stockage  levels. 

E(j)«  Expected  waiting  time  at  position  j. 

P  is  the  triangular  transition  matrix  (p(i#j)  j*1,2*.«.n) 
describing  the  step  transition  probabilities  between 
positions  of  S  (Figure  3.4) 

The  first  point  of  the  Cost-Effectiveness  curve  is  1"1 
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X  denotes  nonnegative  elements 
0  denotes  zero  elements 


These  Lagrangian  multipliers  are  sorted  in  decreasing  order 


i-  (  i<i),  j  -  o I  ,  r\,+  }  >  •  •  ■  r\a  )  , 

The  optimization  procedure  starts  by  investing  M(^)  units  at 
position  number  j  of  subset  Sj ,  where 
j*n  ♦  I  (1 )  . 

Therefore,  the  next  point  in  the  curve  is 
1=1  ♦  1 

C.,l  *  c.,t-i  ♦  c  (3)  0-4) 

\t  •  E»y«  -a(j)  q( j) 

DTOT 

and  the  individual  values  are 

\U  »>♦  1  (3“5) 

\l°*  *  V' 

D(j) 

Prom  these  OPUS  calculates 

P(j)  *  P(j)  D(j)  T( j)  (3-6) 


■»,!<« 

Q  CJ)  *  Q (j)  -  ?(1) 

Vd>  *  Q(j>  CO> 

The  calculations  are  stopped  when  total  investment  is 
greater  than  a  prescribed  upper  limit  or  when  the  waiting 
time  is  smaller  than  a  prescribed  lower  limit.  (Pig. 3. 5) 

2.  Measures  2&  Effectiveness 

OPUS  uses  four  measures  of  effectiveness,  expected 
waiting  time,  availability/ number  of  available  systems 
(HOBS)  ,  probability  of  a  shortage  given  a  demand,  and 
probability  of  a  successful  mission. 


a.  operational  Availability 


The  availability  determined  in  OPUS  is 
associated  with  the  waiting  tiae  at  the  operational  level  of 
the  organization.  OPUS  defines  availability  as 


B(i)  *1/(1  +  D<i)  <T  (i)*5p(i»  j)  far  i*n  ♦1,...,nJ3-7) 

Js< 

where  E(j)  is  the  expected  waiting  time  for  j  £n  . 


The  Expected  Waiting  Tiae  (EWT)  is  the  average  tiae  needed 
to  satisfy  a  demand.  Availability  may  be  rewritten 


A  *  HTBF/HTB  F+EDT 

O 

where  EDT  is  the  average  downtime  per  failure. 

The  expected  nuaber  ot  non-available  systems  (NORS)  is  found 
HORS*  H  X  (1-AJ  (3-8) 

where  H  is  the  total  nuaber  of  systaas. 


b.  Probability  of  a  Shortage 


The  probability  of  shortage  refers  to  the 
inability  of  a  unit  to  satisfy  a  demand  within  a  certain 
aaount  of  tiae  due  to  a  shortage  in  stock.  This  is 

represented 


D<1)) 

where  i  is  a  position  nuaber  of  a  given  subset  s  : 

n  +2#...,n  and  the  turnaround  tiae  is 

fv* 

TAT  (i)  *  TO  (i)  ♦Ip(i,j)B(j) 


(3-9) 
i*n  +1, 
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(3-10) 


Pigure  3.5  OPUS  Optimization  Curves. 

where  E(j)  is  the  expected  waiting  time  at  the  position 
number  j,  where 

T*shortage  in  stock,  lasting  lass  than  T  units  of  time  from 
the  point  the  demand  was  generated  from. 

Hf  (i)  *H  (I)  ♦  AS  (3-11) 
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/  : if  f*>TAT(i) 


(  integer  part  of  pH  (i)  T/  (TAT  (i)  -T) )] 
\if  T2TAT(i) 


Then  the  probability  of  shortage  given  demand  can  be  written 
as 

A 


E(S  )  =2  P<i>  E(i) 

j-V » 

where 

K(i)  D  (i) 

P  (i)  -  A - 

>  H(j>  D(j) 

j*V 


(3-12) 


(3-13) 


c.  Probability  of  a  Successful  Hission 

The  probability  of  successful  mission  refers  to 
the  periods  of  tine  when  a  unit  nay  not  be  connected  with 
the  rest  of  the  aaintenance  organization,  such  as  a  ship  at 
sea.  The  weighted  probability  of  successful  mission 
performance  is  given  as 

E(S  1*  IT  PSH  (N(i),D  <i)  ,HT(i>  ,Q(i) )  (3-14) 

K'l 

where  PSH  (N(i),  D(i),  HT  (i) , Q  (i) )  is  the  probability  that 
there  will  be  no  occurence  of  a  denand  that  is  unsatisfied 
during  the  nission  tine  HT,  provided  that  the  mission 
started  with  no  more  than  H  (i)  units  of  spares.  Q  (i)  is  the 
probability  that  a  deaand  could  not  be  satisfied  from 
stations  supporting  the  mission. 


where 

p(i,j)  is  the  probability  that  position  i  is  supported 
from  position  j,  and 
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E(j)  is  the  probability  that  a  demand  could  not  be 
satisfied  within  a  specified  time  between  missions  (TBM)  at 
position  j. 

PSM  is  defined  as 

m  a 

PSH  3  %  P*  2  &  (D(i)  «T(i))  (3-16) 

n»o  (•»» 

where  P  is  the  steady  state  probability  that  a  ship  will 
start  a  mission  with  n  units  of  item  i  on  board.  The 
probabilities  p  ,  n*1,2,...,N  are  the  probabilities  of  a 
Markov  chain  with  the  steady  states  -1,  0,  1,...,  N  and 
with  the  following  transition  probabilities 

P(H,N)  *  Pc  ♦  <1-P„)  (1-Q) 

P(N,N-1)  *  (1-P0)Q 

P  (d,n+1)  -P0  (1-Q) 

P  (n,n)  *P#Q  ♦  (1-P0)  (1-Q)  0-n*N 

P  (n ,  n- 1 )  3<1-P„)Q 

P(-1,0)  *1 

where  P  3  probability  that  no  demand  for  that  item  has 
occurred  during  the  mission. 

3.  Allaaijoa  &£  ig&ESJ 

The  basic  procedure  used  by  OPUS  is  the  initial 
allocation  of  LSD's  at  the  highest  (Depot)  level.  The  LRU 
giving  the  best  return  on  investment  (in  terms  of  HOE  per 
dollar)  is  procured  first.  The  next  highest  return  on 
investment  determines  which  LRU  is  procured  next.  This 
pattern  is  continued  until  a  lavel  of  investment  is  reached 
or  a  specific  HOE  is  obtained.  The  procurement  of  LRU's 
creates  a  C-E  curve.  The  next  step  is  to  procure  SRU's  at 
the  highest  level  and  LRU's  at  the  next  highest  level.  By 
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choosing  points  (maximum  of  fifty)  from  the  original  C-E 
curve,  OPUS  determines  the  marginal  return  on  investment  of 
each  item  and  procures  the  one  with  the  highest  return  per 
dollar  given  previous  investments.  This  procedure  continues 
for  each  echelon  until  LRU's  for  th9  maintenance  level 
directly  supporting  the  system  is  stocked.  Prom  this 
procedure  OPOS  gives  the  user, 

■•■optimal  value  of  the  HOB,  for  each  level  of  investment, 
-optimal  assortment  of  spare  parts  by  invests  eat  level, 
and 

-optimal  stockage  policy,  based  upon  each  assortment 
of  spares. 

OPOS  is  designed  to  keep  the  number  of  calculations 
to  a  minimum.  By  choosing  a  representative  number  of  points 
on  the  C-E  curve,  computer  time  is  saved.  An  example  of  this 
is  the  selection  of  cnly  equally  spaced  points  on  the 
investment  interval.  A  similar  means  to  save  computer  time 
is  to  separate  storage  of  stock  level  distribution  and 
candidates  for  final  solution.  OPUS  calculates  which  points 
are  on  the  C-E  curve,  so  when  it  determines  candidates,  it 
knows  beforehand  which  candidates  will  be  final  points  on 
the  C-E  curve.  When  the  final  point  is  achieved  the 
corresponding  stock  level  is  paired  to  it. 

The  OPUS  computer  program  can  handle  a  maximum  of 
500  different  LRU's  and  SRO's.  The  number  of  stock  points 
and  different  types  of  spare  parts  cannot  exceed  1500. 

P.  SUHHART 

In  summary,  OPUS  has  the  capability  of  determining  where 
spares  will  be  stocked  in  order  to  optimize  a  specified  HOE. 
A  user  can  specify  boundaries  for  the  decision  and  the  model 
will  optimize  the  stockage  policy  according  to  those 
boundaries.  By  using  the  various  MOEs,  the  user  can  identify 
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stockage  problems  that  will  require  spacific  attention  (for 
ex&aple,  niniaum  stockage  at  user  lavel)  . 
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IV.  Tg?T  PnOQ^BBS  0550  FOB  2SS  NOHERICil,  EXAHPLES 
1.  XMTBODDC7IOI 

In  order  to  compare  the  SESAHE  and  OPUS  VII  provisioning 
models,  a  problem  structure  was  chosen  to  enable  similar 
data  to  be  evaluated.  The  different  algorithms  that  SESAHE 
and  OPUS  VII  use  to  optimize  item  stockage  required  a 
thorough  evaluation  and  of  each  model's  input  data 
requirements.  By  studying  the  input  data,  similarities  were 
identified  and  differences  were  noted. 

To  evaluate  both  models,  two  test  sets  of  data  were 
employed.  One  set  of  data  was  created  for  OPOS  VII,  while 
the  other  set  was  created  for  SESAHE.  Data  for  the  sample 
inputs  are  included  in  Appendix  A  and  Appendix  B.  These  sets 
of  data  were  choser  because  they  both  represented  asymmetric 
structures  which  are  representative  of  viable  systems  and 
each  set  of  data  could  be  translated  into  the  other  model's 
data  input  structure.  Inputs  that  were  not  applicable  to 
both  models  ware  originally  given  their  default  values.  The 
test  sets  were  run  for  both  models  and  tha  outputs  compared 
as  shown  in  Figure  4.1  . 

B.  OPCS  VII  OITA 

The  OPOS  VII  data  were  derived  from  earlier  OPOS  VII 
research  and  edited  in  a  manner  that  made  it  more  compatible 
with  the  SESAHE  model  (Bef.  26].  The  system  breakdown  used 
consisted  of  a  single  system  (because  SESAHE  only  runs  one 
system  at  a  time)  containing  six  LBU's  and  eleven  SRU's.  The 
system  breakdown  is  depicted  in  Figure  4.2.  The  opus  VII 
data  defines  the  asymmetric  structure  with  one  end  support 
station  (ESS),  two  support  stations  (SS)  ,  and  thirty  demand 
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generating  stations  (DGS) .  Figure  4.3  represents  the  OPUS 
organizational  structure.  OPUS  defines  the  C  (Depot)  level 


Figure  4.1  numerical  rest  problee. 

as  an  ESS,  B  and  A  (Interne diate  level)  as  SS ,  and  CCJ 
(Organizational  level)  as  the  DGS.  A  represents  the  supply 
and  aaintenance  capability  and  CU  ra presents  the  combat  user 
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Figure  4.3  OPUS  Organizational  structure. 

C.  SESAME  047 i 

The  SESAME  data  were  derived  from  test  sample  data 
received  froa  the  Army  Inventory  Research  office  used  to 
validate  the  SESAME  model.  The  SESAME  model  was  modified 
because  the  SESAME  model  uses  only  LRU's  in  determining  A 
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while  the  OPUS  model  uses  LRU's  and  SRU's  in  determining  A  . 
The  structure  of  the  SESAME  test  system  is  therefore  only 


J 


Figure  4.4  SESAME  system  Structure. 

LRU's  (Figure  4.4).  SESAME  uses  SRO's  to  deter  line  total 
system  cost  when  the  item  is  essential  to  the  operation  of 
the  system.  By  using  Essentiality/  Fault  Isolation  Module 
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codes  (ESS/FIH  code),  the  SESAME  model  determines  whether  to 
stock  an  item.  If  a  part  is  essential,  it  is  always  stocked. 
If  a  part  is  non-essential,  it  is  treated  as  a  non-LRU  even 
if  it  is  an  LRU.  As  a  non-LRO,  the  item  has  no  effect  upon 
determining  the  total  system  operational  availability. 
Similarly,  if  an  item  is  denoted  a  Fault  Isolation  Module 
(FIM)  ,  it  requires  removal  to  determine  failure.  Items 
designated  FIB  are  required  to  be  stocked  at  least  once  at 
each  echelon  where  the  item  can  be  removed  and  replaced.  An 
item  designated  FIM  can  be  a  non-LRO  item.  A  part  can  be 
designated  FIM  when  it  is  an  SRO  if  it  is  determined  that 
the  part  must  be  removed  in  order  to  determine  its  status. 

The  SESAME  organizational  structure  consists  of  one 
general  support  (GS)  ,  two  direct  support  (DS)  ,  and  thirty 
organizational  (ORG)  units  (Figure  4.5). 

D.  I1PUT  DATA  COM  PA  BISON  8BT02BH  SESAME  AID  OPUS 

Several  problems  exist  in  comparing  OPUS  input  data  to 
SESAME  input  data.  SESAME  does  not  handle  multiple 
requirements  for  the  same  LRO  in  a  system.  Therefore,  when 
OPUS  inpots  a  requirement  for  three  of  the  same  LRU*s  in  its 
system,  SESAME  will  only  input  a  requirement  for  one.  To 
compensate  for  this,  the  failure  factor  in  the  SESAME  model 
is  multiplied  by  the  number  of  items  required  by  the  system. 

OPUS  defines  failure  rate  as  the  number  of  failures  per 
million  operating  hours.  SESAME  uses  a  Failure  Factor  (FFIi 
which  is  the  number  of  peacetime  removals  of  the  part 
expected  per  hundred  end  items  per  year  under  specified 
usage  and  environmental  conditions.  With  regard  to  this, 
SESAME  also  defines  wartime  versus  peacetime  usage  and  the 
different  deployment  areas  (e.g.  Europe,  CONUS)  where  the 
part  may  be  employed.  Assuming  Operating  hours  per  Day 
(OPBD)  eguals  twenty  four  hours  we  can  determine 
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Figar*  4.  5  SBS1HB  Organisational  structure 


SESAHE  requires  Hean-Iime-To-Hepair  as  a  control 
parameter  in  its  optimizing  algorithm.  OPOS  does  not 
explicitly  define  an  HTTR.  To  obtain  a  value  of  HTTR  for 
SESAHE,  OPOS  values  were  used  to  determine  HTTR  as  follows: 

OPOS  HTTR*  (FIB)  +  Time  to  Replace  Part  (TTSP)  (4-2) 

Opper  and  lover  bounds  are  delineated  by  SESAHE  in  terms 
of  availability,  AVHIN  and  1VHAX.  OPOS  determines  its 
boundaries  in  terns  of  cost,  CHIN  and  CHAX.  Since  these 
figures  are  related  functions  in  both  algorithms,  setting 
boundaries  can  be  accomplished  and  evaluated  by  manipulating 
one  to  obtain  the  other.  For  example,  in  SESAME,  the  target 
control  parameter  can  be  used  to  search  for  a  specific  cost 
or  availability  level.  In  OPOS,  a  combination  of  HOE's  and 
CHAX  can  be  used  to  obtain  similar  results. 

The  tine  necessary  to  restock  an  item  from  the  next 
higher  echelon  is  described  as  Order  Ship  Time  (OST)  in  the 
SESAHE  model.  This  OST  is  broken  down  by  organizational 
echelons.  OPOS  uses  Transportation  rise  Return  Trip  (TRPT) 
and  Transportation  Return  Trip  (TNPIR)  where  each  different 
support  station  may  have  a  different  return  trip  time.  The 
difference  between  TNPY8  and  TRPT  is  that  they  represent  the 
transportation  times  at  different  echelons.  OPOS  views  each 
time  independently,  while  SESAHE  treats  them  as  the  same  at 
each  echelon.  The  test  problems  were  run  using  uniform 
return  trip  tines  for  the  OPOS  suppport  stations.  An 
important  factor  to  note  is  that  SESAHE  does  not  include 
transportation  tine  of  an  LRO  to  the  next  higher  echelon  if 
the  LRO  cannot  be  replaced  at  the  present  echelon.  This  is 
important  because  that  time  is  not  considered  in  determining 
HLDT . 

SESAHE  defines  its  Repair  Cycle  Times  (REPCTC)  in  terms 
of  days  necessary  to  ship  the  part  to  the  repair  facility 
plus  the  days  needed  to  repair  the  item.  SESAHE  denotes  this 
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ties  at  each  organizational  level.  OPOS  does  not  define  a 
value  siailar  to  REPCYC,  but  a  value  can  be  derived  as 
follows, 

OPOS  Repair  Cycle  »TRPT  ♦  Adain  Delay  Tine  (ADT) '  FIT  +TTBP 

<«-3) 

It  is  iaportant  to  note  that,  REPCYC  in  SESAHE  does  not 
include  the  tiee  it  takes  to  return  a  functional  part  back 
to  the  user. 

B.  V 4L0BS  OHQUB  TO  EACB  BODSL 

i.  sum  lalMi 

SESAHE  uses  several  values  that  are  not  considered 
by  OPOS.  These  values  have  an  effect  upon  the  coaputation 
perforaed  by  the  SESAHE  aodel  and  are  discussed  below: 


a.  Sep  lace  aent/Hainte nance  Task 
Distribution  (ST  D/HTD) 

SESAHE  requires  inputs  which  define  the 
percentage  of  total  reaovals  of  an  item  at  each  level  (STD). 
These  percentages  across  all  echelons  aust  sua  to  one 
hundred  percent.  Siailarly,  the  MTD  is  the  percentage  of 
total  iteas  that  are  reaoved  for  repair  at  each  level.  The 

Ana  of  p$ro§ntagttS  plus  th0  washout  { R  EPR ) 

equal  one  hundred  percent. 

b.  COR P  AS 

CORPAR  is  the  estiaated  penalty  cost  associated 
with  downtiae.  To  represent  ainiaun  stockage,  a  CORPAR  of 
.01  was  used.  A  CORPAR  of  .  01  represents  a  penalty  cost  for 

systea  downtiae. 
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C.  WHOFIL/CCHDEL 


WHOFIL  is  the  wholesale  stock  availability, 
while  COHDEL  is  the  conditional  delay  time  (the  average  time 
required  for  a  major  subordinate  command  to  satisfy  a 
requisition  for  an  out-of-stock  item).  Both  HHOFIL  and 
COHDEL  are  set  to  default  values  as  they  have  no  effect  on 
initial  retail  stockage  in  the  standard  initial  provisioning 
(SIP)  mode. 

d.  Unserviceable  Beturn  Bate  (URR) 

URB  is  an  estimate  of  the  ratio  of  unserviceable 
returns  to  the  wholesale  level  to  tae  total  demands  on  tne 
wholesale  level.  This  value  was  set  to  zero  (although 
typical  values  would  probably  range  from  .02  to  .15)  to  make 
SESABB  compatible  with  OPUS. 

2.  Qg 25  iillttS 

OPUS  defines  several  input  values  that  are  not 
considered  by  SSS1BS.  These  values  affect  system 
capabilities  and  are  listed  below: 


a.  System  Breakdown  Values 

These  inputs  are  listed  together  as  they  refer 
to  the  description  of  LRU*s  and  SBU's  in  the  system  design. 
As  S ESA BE  does  not  use  a  complicated  system  design,  a  vory 
simple  test  set  from  SESAHE  was  used  for  OPUS.  This  test  set 
consisted  solely  of  LBO's  with  no  multiplicity  of  parts. 

This  was  performed  only  for  the  SESABE  test  problem  using 
original  SESAHE  data. 
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b.  Number  of  Different  Systems  (NYMAX) 

OPOS  has  the  ability  to  handle  more  than  one 
system  at  a  tiae.  This  parameter  defines  the  numbers  of 
systems  and  the  requirements  for  defining  those  systems 
organizations.  In  running  the  problem,  only  one  system  was 
used,  since  SESAHE  can  handle  only  one  system  at  a  time. 


c,  probability  that  a  station  is  supported  by 
another  (PNIPB) 

This  factor  allow  OP0S  to  cross  level 
requisitions  froa  higher  echelons  based  upon  the  probability 
a  DGS  is  supported  by  different  SS  as  is  shown  in  Figure 
3.3.  This  probability  is  known  as  PNYPB. 

?.  &UIVXIG  THE  BODE IS 

The  learning  tiae  required  to  become  familiar  with  the 

operation  of  each  model  differed  greatly.  This  is  due  in 
* 

part  to  the  fact  that  access  to  persons  knowledgeable  with 
SESAHE  was  somewhat  easier  than  access  to  persons 
knowledgeable  with  OPOS.  The  SESAHE  user  manual  was  easier 
to  read  and  comprehend  than  the  OPUS  user  aanual.  SESAHE  ran 
in  an  interactive  mode,  therefore  it  took  less  calendar  time 
to  execute  than  OPOS  in  its  batch  node.  Calendar  time  is  the 
time  from  job  submission  to  receipt  of  model  output.  There 
is,  however,  an  interactive  version  of  OPOS.  SESAHE  and  OPOS 
both  are  sensitive  to  the  input  data,  but  it  appeared  that 
aore  problems  were  encountered  entering  and  understanding 
the  applications  of  the  OPOS  model.  This  was  in  part  due  to 
the  lack  of  explanation  of  some  terms  in  the  OPOS  user 
aanual  and  the  greater  flexibility  provided  by  the  OPOS 
model. 
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6.  S0BH4BY 


Both  the  OPUS  and  the  SESAME  models  optimize  spare 
stockage  with  regard  to  cost  and  operational  availability. 
The  design  of  the  models  causes  different  decisions  to  be 
made  by  the  user  when  he  uses  these  models.  OPUS  allows  the 
user  to  determine  the  system  structure  and  declare  different 
repair  policies  at  different  echelons.  SESAME  allows  more 
input  to  be  made  in  terms  of  possible  delay-causing  factors, 
such  as  wholesale  stockage.  The  SESAME  model  can  search  for 
a  user  specified  cost  or  operational  availability;  OPUS 
lists  the  costs  and  availability  based  upon  a  generation  of 
points  from  its  C-E  curve  for  other  specified  MOE's  (waiting 
time#  risk  of  shortage#  probability  of  mission  success). 
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▼  .  ETALUAT10M  OF  JgST  PROBLEMS 


A.  INTRODUCTION 

The  purpose  of  this  chapter  is  to  compare  the  outputs  of 
the  two  models.  A  comparison  of  the  outputs  would  manifest 
differences  caused  by  the  optimization  algorithms  used  by 
each  model.  By  varying  specific  parameters  (e.g.  MTBF,  MTTR 
and  turnaround  time)  ,  the  sensitivity  of  each  model  to  the 
varied  parameters  could  be  explored. 

1 .  Assumptions 

In  comparing  the  two  models,  it  was  necessary  to 
construct  the  values  of  some  of  the  aodel  parameters  from 
other  parameters  used  in  the  models.  For  example,  neither 
SESAME  nor  OPUS  define  a  value  for  MTTR.  In  order  to 
construct  this  parameter,  the  SESAME  value  REPC7C  and  the 
sum  of  the  OPUS  values  Fault  Isolation  Time  and  Tiae  to 
Repair  Part  were  used,  similarly,  for  MTBF  the  SESAME 
failure  factor  and  the  OPUS  failure  rate  were  used,  and  for 
turnaround  tiae  the  SESAME  Order  Ship  Time  and  OPUS 
turnaround  tiaes  were  used. 

B.  DIFFERENCES  IS  TBS  INPUTS 

i.  Nitwits  kiaiiaiisas 

In  conducting  the  coaparison,  certain  problems  arose 
because  of  the  assumptions  made  and  because  of  software 
limitations  that  existed  within  the  models. 

The  problems  caused  by  the  software  in  the  SESAME 
aodel  were  encountered  when  evaluating  the  OST  and  REPCYC. 
OPOS  is  limited  to  a  maximum  number  of  500  different  LRU's 
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and  SRD's.  This,  however,  did  not  affect  the  execution  of 
the  problem. 

a.  BEPCYC  Value 

In  SESAME,  the  BEPCYC  value  is  rounded  off  to  an 
integer  value  by  the  software.  For  example,  an  input  value 
of  0.5  is  returned  as  an  output  value  of  zero.  This  rounded 
value  will  lead  to  inaccuracies  in  the  stockage  of  spare 
parts  because  the  BEPCYC  is  used  in  the  determination  of  the 
pipeline  at  a  stockage  roint. 

b.  05>T  Value 

The  OST  value  is  represented  by  SESAME  in  terms 
of  days.  The  software  used  by  SESAME  allows  for  the  input  of 
integer  values  only.  The  transformation  of  hours  to  days 
caused  the  creation  of  values  that  were  rounded  off  by  the 
SESAME  uodel.  The  use  of  integer  values  limits  the  lower 
value  of  the  OST  to  one  day  and  bounds  the  upper  limit  to  99 
days.  These  value  limits  may  be  reasonable  but  exact  values 
would  be  preferable  in  the  computations  of  stockage  levels. 
Since  OST  is  also  used  in  thhe  determination  of  the  pipeline 
guan titles  the  use  of  integer  values  will  cause  an  inexact 
answer  to  be  rendered. 

2.  Ell&tiftSSS  iJQ  outfit 

a.  Differences  Caused  by  AiSUiaptlOuS 

Several  problems  were  found  in  trying  to  compare 
the  outputs  of  the  two  models.  The  comparison  of  the  failure 
rates  produced  the  best  results  in  terms  of  total  cost 
comparisons  and  stockage. 

The  comparisons  of  MTTR  and  turnaround  time  were 
hampered  by  differences  in  model  software  and  value 
definition.  Por  example,  in  determining  the  MTTR  of  SESAKE, 
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EEPCYC  does  not  include  the  tiae  necessary  to  return  the 
part  to  the  user.  In  creating  the  OPUS  value  of  MTTR ,  this 
aeant  taking  only  half  of  the  turnaround  tiae  for  the  part. 

The  other  problea  in  using  HTTE  is  the  fact  that 
OPUS  does  not  define  a  systea  MTTH.  The  value  of  HTTE  can  be 
deterained  at  each  echelon  but  a  systea  value  is  not 
deterained.  &  value  for  HTTB  is  inserted  as  a  control 
paraneter  in  SESAHE  and  it  is  used  to  deteraine  the 
operational  availability  of  the  systea.  This  operational 
availability  fores  an  upper  bound  for  the  optimization 
calculation.  Therefore,  an  incorrect  input  value  of  HTTB 
will  raise  or  lower  the  level  of  availability  that  the 
SESAHE  aodel  can  attain. 

C.  PBOB12HS  CAUSED  BT  THE  1LG0BITBBS 

i-  BUfotaasaa  is  SJsamj  Alaatil&i 

The  SESAHE  aodel  has  several  different  coapcnents 
that  are  necessary  for  its  determination  of  availability  in 
its  two  operational  sodas  of  budget  and  availability.  OPUS 
uses  only  one  method  of  optimization. 

a.  Different  Procedures  used  by  SESAHE. 

SESAME  uses  the  extrapolation  procedure  and 
stockage  list  method  to  forecast  the  budget.  The 

2T ipoli’ti os  is  t£S6d  y he only  q 

available.  The  stockage  list  budget  method  is  used  when  more 
inforaation  is  available  about  the  parts.  In  the  comparison 
used,  the  stockage  list  budget  method  was  used. 

b.  Different  Stockage  Criterion  used  by  SESAME. 

The  stockage  of  parts  within  SESAHE  is  broken 
into  wholesale  and  retail  levels,  OPUS  does  not  aake  this 
distinction.  This  becomes  important  if  the  number  of 

69 


washouts  per  end  item  per  year  is  very  large.  The  washouts 
of  an  end  item  are  the  number  of  items  that  canaot  be 
repaired  economicably.  OPUS  does  not  use  washouts  in  its 
determination  of  stockage. 

c.  Differences  in  Measures  of  Effectiveness 

The  differences  in  the  stockage  policy  used  by 
SES1HE  and  OPtJS  made  it  extremely  difficult  to  compare  the 
models.  The  comparison  of  operational  availability  does  not 
take  into  account  the  different  levels  at  which  each  model 
requires  stockage.  For  example,  OPUS  may  provide  a  higher 
operational  availability  but  at  the  same  time  have  a  high 
risk  of  shortage  at  the  Demand  Generating  station  level. 

The  pipeline  3tockage  used  by  SESAME  allows  it  to  stock  at 
the  echelcn  where  the  repair  is  expected  to  occur.  Therefore 
it  can  stock  at  lower  levels  first.  In  order  for  OPUS  to 
reach  the  same  level  of  repair,  OPUS  would  have  to  stock 
additional  parts  at  the  organizational  level. 

D.  DIPPEBEHCES  II  OUTPUT 

The  SESAME  model  allocates  spares  in  the  standard 
initial  provisioning  mode  according  to  pipeline  quantity 
rounded  to  an  integer.  The  stockage  value  determined  by 
SESAME  reflects  the  values  used  to  determine  the  pipeline. 
SESAME  requires  the  user  to  input  the  percentage  of  demand 
to  be  repaired  at  a  stockpoint.  The  pipeline  value  of 
stockage  therefore  reflects  the  echelon  where  the  demand 
will  be  replaced.  For  example,  if  all  repairs  for  a  given 
part  are  to  be  at  the  organizational  level,  then  the 
pipeline  will  not  stock  parts  at  a  higher  level.  An 
exception  to  this  i3  when  the  pipeline  is  less  than  one  but 
the  expected  annual  demands  exceed  the  Retail  Stock 
Criterion  (6  per  year  in  this  case).  In  this  case  SESAME 
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uses  the  value  one  regardless  of  the  pipeline  quantity,  opus 
stocks  on  the  basis  of  the  spare  which  gives  the  highest 
Cost-Effectiveness  at  the  highest  eohelon  and  th9n  continues 
stocking  according  to  the  next  highest  ranking.  In  this 
sense,  OPUS  stocks  free  top  down  without  determining  what 
the  echelon  repair  breakdown  will  be. 

1 •  2£££ut 

SESAHE  returns  all  input  data  to  the  user.  By 
selecting  a  parameter  called  TAB  GET,  SESAHE  can  search  for 
availability  or  total  cost  as  the  optimizing  factor.  when 
SESAHE  is  run  in  the  SIP  mode,  a  datailed  printout  shows  all 
values  which  satisify  the  target.  A  sample  of  this  printout 
is  given  in  Appendix  D.  The  SESAHE  printout  lists  all  spares 
and  quantities  for  each  demand  generating  organization.  It 
further  compiles  a  liscing  of  the  stockage  cost  for  these 
spares  by  echelon. 

OPUS  lists  all  its  Farts  and  stockage  in  a  more 
concise  tanner.  It  is  easier  to  read  but  does  not  include 
the  total  cost  of  stockage  that  the  SESAHE  model  provides. 
The  OPUS  aodel  provides  all  the  points  it  uses  to  create  its 
cost-effectiveness  curve.  This  causes  the  printout  of  the 
OPUS  aodel  to  take  tore  time.  The  advantage  of  this  is  that 
the  user  can  examine  various  points  of  the  curve  with  regard 
to  the  various  OPUS  HOE*s  vithout  having  to  rerun  the  model. 
To  conduct  a  similar  task  with  SESAHE  would  require  multiple 
runs  using  different  parameters.  A  sample  of  the  opus 
printout  is  included  as  Appendix  c. 

B.  COBPARISOV  OP  THE  OUTPUT  OP  TUB  HODELS 

Each  model  was  run  using  its  own  input  data  and  the 
input  data  of  the  other  aodel.  A  total  of  four  c»utputs  were 
produced  and  compared.  For  all  comparisons,  a  target 
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availability  of  0.975  was  used.  If  this  value  was  not 
reached,  the  next  value  higher  was  used  as  the  reference 
point.  For  SESAME,  when  the  target  paraaeter  was  set,  the 
model  would  search  until  the  stockage  allocation  reached  the 
target  availability  or  the  Standard  Initial  Provisioning 
stockage.  Tables  I  and  II  give  the  OPUS  and  SESAME  stockage 
allocation  for  OPUS  input. 


TABLE  I 

OPUS  Stockage  Using  OPUS  Input  Data 


SPABE 

TOTAL 

INVESTMENT 

C 

B 1 

B2 

A 1 

A2 

LB  U  1 

34 

557600 

0 

2 

2 

1 

1 

LB  U  2 

66 

16566QQ 

754800 

0 

3 

3 

2 

2 

LB  a  3 

34 

0 

2 

2 

1 

1 

LB  a  4 

64 

1036800 

0 

2 

2 

2 

2 

LBO  5 

34 

1934600 

0 

2 

2 

1 

1 

LBU  6 

66 

3649800 

1 

2 

3 

2 

2 

SRU  1 

9 

51300 

7 

1 

1 

0 

0 

SRO  2 

5 

10000 

3 

1 

1 

0 

0 

SBO  3 

3 

8100 

1 

1 

1 

0 

0 

SHU  4 

10 

97000 

7 

1 

2 

0 

0 

SBU  5 

4 

21600 

2 

1 

1 

0 

0 

SBU  6 

8 

90400 

5 

1 

2 

0 

0 

SHU  7 

1 

5600 

1 

0 

0 

0 

c 

SBU  8 

3 

26100 

1 

1 

1 

0 

0 

SBU  9 

4 

1  5600 

2 

1 

1 

0 

0 

SBU  10 

1 

4200 

1 

0 

0 

0 

0 

SBU  11 

TOTAL  COST 

6 

4  1400 

996  1500 

4 

1 

1 

0 

0 

The  difference  in  stockage  betwaan  SESAME  and  opus  can 
be  recognized  when  ccsparing  the  respective  stockage 
outputs.  OPUS  stocks  at  different  levels  depending  upon 
turnaround  tiee  and  repair  tine.  Tha  SESAME  output  using 
OPUS  data  stocks  at  the  lower  echelons  in  sore  cases  as  a 
result  of  the  assumed  levels  of  repair  that  were  used  to  run 
the  SESAME  aodal.  The  saint enance/rapair  task  distribution 
entered  in  the  SESAME  aodal  (Appendix  A)  requires  that 
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TABLB  II 


SPARE 


1 

2 

3 

4 

5 

6 
1 


LRU 
LEO 
LRU 
LRU 
LRU 
LRU 
SRU 
SRU 
SRU 
SRU 
SRU 
SRU 
SRU 
SRU  8 
SRU  9 
SRU  10 
SRU  11 


4 

5 

6 
7 


TOTAL  COST 


Stockage 

Output  Using 

OPUS 

Input 

Data 

TOTAL 

INVESTMENT 

C 

B  1 

B2 

A 1 

32 

524800 

0 

1 

1 

12 

36 

903600 

0 

2 

4 

12 

32 

7104  00 

0 

1 

1 

12 

32 

518400 

0 

1 

1 

12 

46 

2741600 

13 

1 

2 

12 

54 

2986200 

19 

2 

3 

12 

2 

1 1400 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

56200 

4 

1 

1 

0 

0 

0 

0 

0 

0 

0 

5 

56500 

3 

1 

1 

0 

0 

0 

0 

0 

0 

0 

2 

17400 

2 

0 

0 

0 

1 

3900 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

13800 

2 

0 

1 

0 

8546200 

The  ability  to 
have  a  smaller 


spares  be  repaired  at  the  lower  levels, 
replace  LRU's  with  SRU's  enables  OPUS  to 
stockage  of  LRU's  at  the  Demand  Generating  station.  Opus 
stocks  nore  LRU's  and  SRU's  cumulatively  than  SESAHE. 


Although  SESABE  does 

not  use  SRU's 

in  its 

availability 

computation,  SESABE 

will  stock  a  nuaber  of 

SRU's 

based  upon 

TABLE  III 

OPUS  Stockage  Output  Using  SESABE 

Input 

Data 

QDIR? 

TOT&L 

INVESTMENT 

c 

B  1 

B2  A 1 

A2 

LRU  1 
LRO  2 

If 

719600 

294000 

0 

0 

0 

0 

0  1 

0  1 

1 

1 

LRU  3 

28 

266000 

0 

0 

0  1 

1 

LRO  4 

28 

1 40000 

0 

0 

0  1 

1 

LRU  5 

28 

263200 

0 

0 

0  1 

1 

LBU  6 

28 

4  84400 

0 

0 

0  1 

1 

TOTAL 

COST 

2167200 

the  Retail  Stockage 

Criterion. 
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Tables  III  and  IV  represent  the  differences  that  occur 


TABLE  IV 

SESABE  Stockage  Output  Using  SESAHE  Input  Data 


SPARE 

TOTAL 

INVESTHENT 

c 

B 1 

B2 

A 1 

A2 

LRU  1 

12 

3  084  00 

2 

5 

5 

0 

0 

LRU  2 

5 

52500 

1 

2 

2 

0 

0 

LRU  3 

14 

1 33000 

2 

6 

6 

0 

0 

LRU  4 

45 

225000 

1 

13 

13 

14 

1  4 

LRU  5 

23 

216200 

21 

1 

1 

0 

0 

LRU  6 

2 

34600 

2 

◦ 

0 

0 

0 

TOTAL  COST 

969700 

whan  both 

aodals  are 

run  using  the 

SESAHE 

set  of 

input 

.  data 

.  « 

In  Table  III  the  stockage  deterained  by  OPUS  is 
priaarily  at  the  lower  echelons.  This  stockage  is  caused  by 
the  high  Order  Ship  Tiae  between  levels  used  by  the  SESAHE 
aodel.  The  high  turnaround  tiae  between  the  GS  and  lower 
echelons  require  that  parts  be  stocked  at  the  lower  echelons 
if  the  availability  target  is  to  be  net.  Table  IV  reflects 
the  iapact  of  the  Baintenance/Repair  Task  Distribution  on 
the  SESABE  stockage  levels.  When  the  stockage  levels  are  low 
it  reflects  a  low  Baintenance/Repair  Task  Distribution 
(BTD/BTD)  at  that  level.  When  BTD/RTD  is  high  at  a  level, 
the  stockage  at  that  level  will  be  high. 


7.  COBPARISOB  OP  OPE1ATIOIAL  AVAILABILITY  BETWEEN  SESAHE 
AID  OPUS 

Table  V  represents  the  target  operational  availabilities 
achieved  by  each  aodel  with  each  different  set  of  input 
data.  It  should  be  noted  that  although  OPUS  achieves  a 
higher  operational  availability  at  a  lower  cost,  it  is 
acconpanied  by  a  high  risk  of  shortage.  Data,  set  1 


represents  the  OPOS  original  input  data  set.  Data  set  2 

TABLB  T 

SESABE  and  OPUS  Operational  Availability 


B0DEL 

INPOT 

'  DATA 

A 

TOTAL  COST 

SESABE 

Data 

Set 

1 

.945287 

8553100 

SESABE 

Data 

Set 

2 

.930158 

1019700 

OPOS 

Data 

Set 

1 

.  9769  1 1 

1807600 

OPOS 

Data 

Set 

2 

2 

.99309 

0 

NOTE  1:  This  point  has  achieved  a  highar  availability  than  the 
SESABE  aodel.  The  risk  of  shortage  at  this  point  is  1.0.  At 
a  total  cost  of  9158800,  an  availability  of  ,99889  was 
achieved  with  a  risk  of  shortage  of  .00196515. 


NOT^il^  This  pointy  reflects  the  exgallent  ability  of  the  repair 


ities  to  repair,  spares  ..The  risk  of. shortage  is  1 . 


faci _  __  _ _ _ _ _  _  _T  _ _ _ 

At  a  total  cost  level  of  11  53600  an  availability  of  .99773 
was  a^higved  with  a  relatively  high  risk  of  shortage 


represents  the  oricinal  SESANE  unput  data  set. 


«•  COSPABXSOB  OP  MODELS  VAHTIHG  PABABBTEHS 

SESABE  and  OPOS  were  evaluated  by  coopering  the  output 
of  each  sodel  while  varying  MTBF,  MUR  and  Turnaround  Time. 

i*  £2A£&ti22a  2 1  ±asa  LSEiias  al£f 

To  coapare  OPOS  and  SESABE,  the  failure  factor  and 
failure  rate  of  each  aodel  were  varied.  The  original 
paraaeter  values  were  divided  by  two,  multiplied  by  two,  and 
multiplied  by  four.  In  all,  this  lad  to  16  sets  of  output 
data  when  including  the  original  data  set.  Table  71  below 
depicts  SES0P0S  values  which  are  tha  total  cost  of  the 
SESABE  aodel  using  OPOS  input,  SESANE  are  SESANE  cost  using 
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SESAME  data,  OPUS  are  OPUS  cost  using  OPUS  data,  and  opusses 
are  OPUS  cost  using  SESAME  data. 


TABLE  71 

Effects  Upon  Total  Cost  When  Varying  Failure  Bates 


HTBF  VALUE 

SESOPUS 

SESAME 

OPUS 

OPUSSES 

MTBF/2 

8569200 

5066303 

9953900 

2573200 

HTBF 

7628600 

3206800 

9578300 

2307200 

2HTBP 

6498900 

1092100 

9961500 

2167200 

ttHTBF 

6376400 

487900 

9761900 

2167200 

TARGET  AVAILABILITY  0.975 


By  varying  failure  rate,  wa  see  that  the  SESAME 
sodel  produces  aore  predictable  trends  in  total  cost  than 
the  OPUS  sodel.  The  SESAMB2  output  using  SESAME  input  data 
alsost  reflects  a  linear  increase  in  total  cost.  The  OPUS 
■odel  using  OPUS  input  reacted  in  a  different  aanner, 
increasing  when  the  rates  vere  divided  and  then  again  as  the 
rates  were  quadrupled.  This  occurence  is  created  by  the  OPUS 
algorithm  which  selects  the  spare  which  gives  tha  best  C-E 
curve.  Changes  in  the  failure  rat9  for  OPUS  cause  changes 
which  are  not  as  large  as  those  created  by  SESAME,  nor  is 

4*  -  hi  « 

utvtv  an  we«k  w  a.  vi.  v  vkou  u« 


2.  SQBPftSlagft  21  2E2S  vhen  lauiafl  mttr 

Table  711  illustrates  the  effect  of  varying  MTTR  in 
both  the  SESAME  and  OPUS  eodels. 
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TABLE  VII 


Effects 

Upon  Total 

Cost  ihen 

Varying  HTTR 

HTTR  VALUE 

SBSOPUS 

SESAME 

OPUS 

OPUSSES 

HTTR/2 

6443600 

747303 

9960300 

2167200 

HTTR 

6498900 

1092103 

9961500 

2167200 

2HTTR 

1 1083400 

1731103 

9731 500 

2307200 

4HTTB 

16287000 

3124133 

9793103 

2573200 

TARGET  AVAILABILITY  0.975 

The  results  of  changes  in  the  values  of  HTTR 
indicate  that  the  SESAME  model  is  more  sensitive  to  changes 
in  the  values  related  to  repair.  In  both  the  SESAHE  and 
SESAHE2  outputs  the  changes  are  more  dramatic  than  in  either 
of  the  OPUS  outputs.  This  difference  implies  that  the  Repair 
Cycle  Time  used  to  estimate  the  HTTR  for  SESAHE  has  more 
impact  in  its  algorithm  than  the  assumed  value  for  HTTR  used 
for  the  OPUS  model.  In  performing  the  comparison ,  one 
difficulty  was  the  determination  of  the  system  value  of  HTTR 
for  OPUS.  The  value  assumed  for  the  OPUS  system  HTTR  may  not 
accurately  reflect  the  actual  system  HTTR. 


3.  com  Par  is  on  &£  SESAHE  afld  2225.  £hea  v&miS 

xamsaaaa  Xia® 

TABLE  VIII  indicates  variations  in  output  when 
varying  turnaround  time. 


The  comparison  of  turnaround  times  caused  several 
problems  because  of  he  limitations  of  the  SESAHE  software. 
The  Order  Ship  Timw  used  by  the  SESAHE  model  quickly  reached 
its  upper  limit  of  99  days  therefore  preventing  the  use  of 
any  greater  value.  The  SESAHE  problem  therefore  had  no 


.  -  mA  V-  :  j i . 
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TABLE  Till 


Effects  Upon 

Total  Cost 

Rhen  Varying 

Turnaround 

Tiae 

TAT  VALUE 

SESOPUS 

SESAHE 

OPUS 

OPUSSES 

TAT/2 

8553100 

3056200 

9998  200 

2167200 

TAT 

6498900 

1092100 

9961500 

2167200 

2  TAT 

8553100 

3195400 

9  089  600 

2167200 

4  TAT 

8553100 

3195400 

9001800 

2167200 

TARGET  AVAILABILITY  0.975 

change  in  Order  Ship  Tine  for  the  2  TAT  and  4  TAT  levels. 

The  OPUS  problea  was  able  to  handle  the  changes  in  the  TAT. 
The  OPUS  output  indicates  the  sensitivity  of  the  OPUS  model 
to  turnaround  tiee. 

B.  SUBBABI 

The  coaparison  of  nodal  outputs  reflects  the  differences 
in  the  nature  of  the  algorithms  used  by  each  model.  The 
SESAHE  nodal  stocks  as  a  function  of  the  pipeline  function 
while  OPUS  stocks  vith  respect  to  rapair  and  turnaround 
tine.  The  SESAHE  aodel  tells  us  how  much  to  stock  at  each 

* 

echelon  if  we  know  how  much  repair  will  occur  at  that  level. 
The  OPUS  nodal  tells  us  where  to  stock  parts  based  upon  how 

rnm**  1  1  4k  a  m*4*4am«a#«a  a4  1  4  44  am  /  ^it  is  a4  4  a  «  a  ^  n*»  4  v  +  4  m  a  4 

WV44  kU?  «d4WkUUCU|VO  4UVW.4  4  WACwl  \4UW  V  W4V**  V*.  4.  W4  WV  UMU 

turnaround  tine)  function.  In  general ,  SESAHE  appears  to 
stock  for  Standard  Initial  Provisioning  at  a  lower  total 
cost  than  OPUS. 
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vi.  coicLQsioHs  ±hd  HjgosgiHB axioms 


A.  COSCUJSIOIS 

Based  upoa  the  aodel  analysis  and  the  test  problems,  the 
following  are  concluded: 

a)  When  budget  considerations  impart  upon  the  fielding  of 
spares,  the  SESAHE  model  should  be  used. 

b)  when  there  is  limited  information  available  about  the 
level  at  which  repairs  are  to  be  made,  the  3P0S  model 
should  be  used.  SESAHE  is  a  useful  aodel  for  determining 
optimization  when  repair  requirements  at  each  level  are 
defined. 

c)  In  both  models,  the  quantity  and  optimum  allocation 
of  spares  are  sensitive  to  the  value  of  HTBF. 

d)  The  effect  of  tine  elements  in  the  repair  cycle  have  a 

/ 

greater  effect  for  the  lower  levels  of  the  support 
organization.  This  is  shown  by  the  greater  stockage  at 
lower  echelons  when  turnaround  time  is  very  high  at  the 
upper  echelon  units. 

e)  OPUS  VII  has  several  NOE's  and  therefore  allows  more 
detailed  analysis  in  terns  of  the  optimization  of 
spares  provisioning. 

^  k  C  VC  &  It  V  Vb  v  nn  rtn  f  a  f  nr  a  a  r*  h  avo^  am  n  r»  rr  e  -f  « /H 

A.  /  Mkl  •  UM  HMW  W  W  *»  WM  W  •*  w  V  M  wu  w  ^  «# 

g)  SESAHE  must  be  run  several  timas  to  determine  optimal 

stockage  when  the  required  repair  level  for  parts  is 
not  specified. 

h)  SESAHE  does  not  use  a  system  structure  which  allows 
the  stockage  of  an  SBO  when  it  fails. 

i)  OPOS  does  not  differentiate  between  different  types  of 
SBU's.  for  example.  Fault  Isolation  nodules. 

Fault  Isolation  Rodules  are  mandatory  stockage  within 
the  SESAHE  model. 
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j)  OPUS  allows  units  to  be  supported  by  mors  than  one 
higher  echelon  unit  through  the  use  of  the  parameter 
probability  of  being  supported  by  the  next  higher  unit 

(FNYPB) . 

k)  OPUS  allows  for  selection  of  stockage  points  by 
providing  selected  points  and  HUE'S  along  the  C-E  curve. 

l)  S  ESA  HE  provides  a  TARGET  function  which  allows  the  user 
to  quickly  deter line  if  a  specified  Operational 
Availability  is  possible  and  at  what  cost. 

a)  SESAHE  handles  Wholesale  and  Retail  level  stockage 
requirements  in  that  it  defines  wholesale  repair  and 
depot  washout  rates  while  OPUS  does  not  handle 
wholesale  level  stockage. 

n)  SESAHE  addresses  the  problaa  of  parts  that  are 
unecononicly  repairable.  OPUS  does  not  define  depot 
level  washouts  nor  the  unserviceable  repair  rate. 

o)  SESAHE  uses  a- Retail  stockage  Criterion  which  affects 
the  ainiaum  stockage. 


B.  RZCOBHBMDAf XOHS 


As  a  result  of  the  analysis  and  the  test  problems  the 
following  recoaaendations  are  made: 
a)  SESAHE  should  eodify  RBPCYC  to  handle  total  turnaround 
tine . 


u  i 


C) 

d) 


e) 

f) 


**  •*«  m  a  4  as 
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actual  values  (in  hours)  for  Order  Ship  Time. 

Software  in  SESAHE  should  be  reviewed  to  eliminate 
the  effect  of  round-off  errors. 

The  SESAHE  algorithm  needs  to  address  the  fact  that 
LRU's  that  fail  as  a  result  of  oomponent  SRU's  may  be 
repaired  by  repairing  the  SRU. 

If  possible,  additional  HOE's  3hould  be  investigated 
when  utilizing  the  SESAHE  model. 

The  output  of  the  SESAHE  model  should 


ao 


be  siaplifisd. 

g)  OPOS  should  introduce  HTTP  values  for  the  system,  LRO’s 
and  saO's. 

h)  OPOS  should  use  a  target  parameter  which  will  provide 

a  specific  answer  based  upon  specified  boundaries.  This 
will  save  the  user  searching  the  output  for  a  specific 
answer. 

i)  The  OPOS  input  data  foraat  needs  to  be  siaplified  or 
restructured  to  sake  it  aore  user  efficient. 

j)  OPOS  needs  to  print  the  number  of  spares  that  are  not 
repairable  and  have  to  be  replaced  by  stockace. 

k)  SESAME  needs  to  have  more  station  values  rather  than 
system  values,  especially  in  the  asymmetric  structure. 
Por  example,  the  CST  is  the  saae  for  all  stations  in  the 
structure. 

l)  SESAME  needs  to  look  at  the  asymmetric  structure  and 
the  impact  of  BTD/BTD  values  on  the  asymmetric 
structure.  The  asymmetric  structure  may  cause  these 
values  to  be  noa-uniform  for  all  stations  at  a  given 
echelon. 
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AFP  SB  DU  4 

SESAME  MODEL  IMPUT  DATA 


This  appendix  shovs  two  exa spies  of  input  data  into  the 
SESAME  sodel.  The  following  is  an  explanation  of  the  format 
of  the  two  data  sets.  The  first  data  set  will  be  used  as  an 
exasple. 


1)  The  first  line  starting  with  6V  represents  the  End 
Ites/Beapon  System  Data  (Peace).  Following  is  an  explanation 
of  each  entry: 


6 

y 

30  2  1 


010360 

30 


1. 

30  30  30 
0 


2 


represents  the  Betail  Stockage  Criterion, 

represents  the  supply  structure  Option  (in  this 
case  vertical)  , 

represents  number  of  units  at  each  echelon  in  this 
case  30  Organizational,  2  Direct  Support,  1  General 
Support, 

represents  OST  at  each  eachelon,  1  day  at  org  . , 

3  at  DS,  60  at  GS 

represents  cumulative  end  iten  density, 

M  A  A  Jk  1..^  A  A  MA  ^  4  AM*  1  «««4  A  #1  A  ^  **«■>*/«  m  /  A  aA  « ■»  rtyl 

Lvpioav  uua  sj  j^va.  a  u  x  wua  j.  uu^  ,9  w*.  ^  (u  vv  vwou 

when  Asymmetric  System  Mode  ASM*2) , 
unserviceable  return  rate, 

operating  level  days  at  each  echelon,  OBG»DS,GS, 

beginning  density, 

asymmetric  support  option  code. 


C 


geographic  area  selector  (C^Conus). 


This  is  the 


2)  The  next  line  is  3  cgs  1  510  1  1. 

beginning  of  the  asymmetric  support  structure  data.  This 
data  ends  with  the  1  A201  17  18  18.  3 

represents  the  echelon  number. 

CGS  1  is  the  unit  identification. 

510  is  the  number  of  end  items  supported. 

1  is  the  number  of  units  of  the  type  identified  in 

column  two  that  are  in  the  system  by  budget 
allocation. 

1  is  the  number  of  units  supported. 

3)  The  next  17  lines  represents  the  part  data.  The  first 
line  of  this  data  begins  with  000003001.  The  last  line  of 
this  data  begins  with  000000111.  The  first  six  lines  are  the 
LBO's#  the  next  eleven  lines  are  tha  SBU's.  0 sing  the  SRO 
data  item 

000000101  is  the  part  number. 

18.  1  is  the  failure  factor. 

0  is  the  replacement  or  washout  rate. 

57Q0.0  is  the  unit  price. 

22200.0  (see  line  with  part  nuabar  00000010  1)  is  the  unit 
price  of  the  next  higher  assembly. 

80  10  10  represents  the  replacement  task  distribution  at 

each 

level#  0RG,DS,GS#  respectively. 

801010  represents  the  maintenance  task  distribution  at  each 
level#  OBG#  DS  #GS  #  respectively.  The  values  .55.  167. 
represents  the  repair  cycle  tim9  in  days. 

(.56. 069.)  is  the  ORG  HBPCTC  .5  days  for  ORG,  DS  is  6.0,  and 
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65  is  6  9 


3  represents  the  essentiality  code.  (1,5,7  are 

essential  and  2,3,4,  6,8,9  are  non-essential). 

N  represents  the  LRU  indicator  (L  is  LRU ,  N  is 

non -LRU ) . 
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APPENDIX  A  SESaME  MODEL  USING  OPUS  INPUT  DATA 
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igman  s 

OPUS  HODSL  INPUTS 


The  following  are  sa  spies  of  OPUS  input  data  seta  used  to 
run  the  OPUS  model.  Listed  here  are  two  data  sets,  one 
representing  the  original  OPUS  data*  and  one  representing  a 
SEShHE  data  set.  The  following  information  will  provide  the 
reader  with  an  understanding  of  each  data  input  variable. 

The  first  set  of  data  will  be  used  as  an  example. 

1)  The  first  line  is  the  title  card.  It  names  the  run  as 
example  2  dated  23  October  1983.  The  NOE  used  is  Expected 
Halting  Time  and  the  problem  type  is  initial  procurement. 

2)  The  next  line  0  0  0.  1.E  ♦?  0  0  0  0  0  1.  0  is 

the  problem  card. 

0  represents  problem  type  in  this  instance  0  is  the 
initial  procar ement  of  spares. 

0  represents  the  HOE  used  in  -his  case  0  is  Expected 
Halting  Tine. 

0.  1.E+7  represent  the  minimus  and  maximum  level  of 

investment  for  this  run. 

0  is  a  default  notation  which  means  that  the  number  of 
points  selected  for  an  internal  C-E  curve  of  the 
optimization  process  is  15  (this  is  optional)  . 

0  represents  the  number  of  points  to  be  selected  for 
the  final  C-E  curve*  in  this  case  30  (this  is 
optional)  . 

0  represents  the  IOUTP  which  is  the  output  printing 

control.  In  this  instance  the  0  means  that  no  printing 
of  points  of  the  C-E  curve  will  occur. 
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0  represents  IPLOT,  which  is  a  platting  control,  IPLOT 
set  to  0  tells  the  program  to  plot  all  points, 
calculated  by  the  program,  from  which  internal  and 
final  C-E  curves  are  plotted. 

0  is  the  value  for  IPONCH  which  tails  the  program  net  to 
use  OPOS7B  which  is  operated  by  punched  cards. 

1.  is  a  value  that  is  multiplied  by  the  demand  rate  if  the 
user  determines  the  demand  rate  requires  adjustment. 

3)  The  next  line  has  an  11.  This  11  is  the  number  of 
different  SBO*  s  that  are  present  within  the  system. 

4)  The  next  block  starting  with  SHU  1  and  ending  with  SHU  11 
is  the  SBO  data  block. 

SRO  1  is  the  identification  of  the  particular  SRU. 

5700  represents  the  unit  price  of  the  SHU. 

20.7  is  the  failure  rate  of  the  SRO. 

1.  represents  the  application  factor  for  that  SRO. 

If  the  system  has  no  SBO's,  then  this  block  may  be  omitted. 

5)  The  next  line  beginning  with  a  6  represents  the  number  of 
different  ISO's.  The  two  75  's  represent  the  length  of  the  x 
and  y  axis  of  the  plot. 

6)  The  next  block  beginning  with  the  value  lro  1  and  ending 
with  the  line  beginning  with  6  (following  line  beginning 
with  LBO  6),  is  the  LBO  data.  The  first  LBO  data  set 
consists  of  two  lines. 

LBO  1  is  the  identification  of  the  LBO. 

16400.  is  the  unit  price  of  the  LBO. 

54.0  is  the  failure  rate. 


1.  represents  the  application  factor. 

3  is  the  nunber  of  different  SRU's  within  this  LRU. 

7)  The  next  line  describes  the  breakdown  of  the  LRU  into 
component  SRU' s.  In  this  example,  there  is  one  type  one  SRU 
in  this  LRU,  four  type  two  SRU's,  and  one  type  three.  This 
pattern  may  be  continued  for  as  aany  SRU's  that  nay  sake  up 
a  specific  LRU.  This  techniques  is  used  for  all  the  required 
LRU*  s. 

8)  The  next  line  following  the  LRU  block  is  the  systems 
card.  This  is  the  nunber  of  different  systems  that  are  to 
be  used  in  the  computation.  For  this  problem  there  is  only 

one  systea. 

9)  The  next  line  defines  the  system  data. 

SYSTEH  1  is  the  identification  of  the  systea. 

1.0  represents  the  utilization  rate  per  calendar 

hour  of  this  system. 

6  represents  the  number  of  different  LRU’s  that 

make  up  this  system. 

10)  The  seven  in  the  next  line  represents  the  number  of 
different  stations  in  the  organizational  structure. 

11)  The  next  block  represents  the  organizational  data. 

1  represents  RTSS,  the  number  of  stations  of  this  type. 
Therefore,  there  is  one  C  type  station. 

C  is  the  identification  of  this  type  station. 

0  represents  HYPE  or  the  number  of  the  station  that 
this  station  is  supported  by.  In  this  case,  this 
station  is  not,  supported  by  any  higher  station. 
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I  is  the  level  identification  parameter.  This  means 
that  this  unit  is  a  first  level  unit.  &  unit  with 
a  2  as  a  level  identification  parameter  would  mean 
that  it  is  a  second  order  unit. 

1440  is  the  T8PT  or  the  transportation  time  return  trip 

for  thi3  station*  This  means  that  it  takes  1440  hours 
for  this  unit  to  receive  and  *.aturn  a  part  for  repair. 

II  represents  the  number  of  different  SRU's  to  be  snored 
by  this  unit. 

720  is  hours  of  administrative  delay  time. 

6.  is  the  fault  isolation  time  for  an  SHU  at  this 
station. 

168*  is  the  time  to  replace  the  SRO  at  this  level. 

6  is  the  number  of  different  LR(J*s  stocked  at  this 
station. 

720.  is  the  administrative  delay  time  for  the  ISO's. 

6.  is  the  fault  isolation  time  of  the  LBO  at  this 
station. 

48.  is  the  time  to  replace  the  SRO  of  the  LRO  at  this 
station. 

12)  The  next  line  starts  with  a  0  which  is  the  stock  level 

of  this  station. 

1  is  the  SRO  type. 

1  is  the  proportion  to  be  stocked  at  this  level. 

This  format  of  stock  level,  SBU  type,  and 
proportion  to  be  repaired  is  continued  for  all 
the  SRO's  stocked  at  this  level.  In  tbis  case-, 
it  is  carried  over  to  the  next  line  and  ends  with 
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a  0  stock  level,  5RU  type  IT  repaired  at  1.0. 

This  format  is  similar  for  all  data  entered  at 
different  levels.  The  exceptions  being  that  it  is 
possible  for  a  station  to  pass  a  supply  request  and 
not  stock  at  that  station.  In  this  problem, 
stations  B1  and  B2  both  serve  as  "dummy”  stations 
and  have  a  -11  in  column  for  number  of  SRU's  to  be 
stocked.  This  indicates  to  the  computer  that  none 
of  the  SRU's  are  to  be  stocked  at  these  stations. 
Similarly,  for  stations  A1  and  A2  the  -1,  -2  for  A1 
and  -1,-3  for  A2  represent  the  fact  that  they  are 
not  the  DGS  at  their  level.  They  are  supporting  CU1 
and  CU2  which  are  the  DGS  at  that  level. 

13)  The  line  24.  12o  1.  24.  represents  mission  times  for 

possible  different  missions  at  that  station. 

24  is  the  mission  time  (used  in  the  optimization) , 

12.  is  mission  time  (used  only  in  moe  calculation)  , 

1.  is  the  application  factor. 

24.  is  time  between  missions. 

14)  The  next  line  is  data  about  >he  station  supporting  this 

station. 

2  represents  the  station  level  parameter  which 
supports  this  station. 

1.  represents  the  probability  that  this  station  is 
supported  by  station  2. 

24.  is  the  transportation  time  return  trip  between  this 
station  and  the  supporting  station. 

15)  The  next  line  describes  the  LRU  stockage  at  this  level. 

It  states  that  there  is  0  stocked  for  each  of  six  LRU's 
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which  have  0.  proportion  of  repair  at  this  lev9l.  This  last 
station  CU 1  and  CU2  have  the  same  format  in  their  first 
line . 

12  C01  4  4  1.  means  that  there  are  12  typ9  CU1  stations 

supported  by  station  4,  with  level 
parameter  identification  4  and 
transportation  time  return  trip  this 
station  of  1  hour. 
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APPENDIX  C  OPUS  MODEL  OUTPUT  USING  OPUS  INPUT  DATA 
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APPENDIX  C  OPUS  MODEL  USING  SESAME  INPUT  DATA 
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APPENDIX  D  SESAME  OUTPUT  USING  OPUS  INPUT  DATA 
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SESAME  ACRONYM  LISTING 


ASM 

BDENS 

COMDEL 

COSPAB 

ERPSL 

ESS 

FIH 

LRO 


Asymmetric  System  Mode.  T9lls  the  model  that 
a  non-symmetric  systea  is  being  entered  as  dat 

Beginning  Density.  BDENS  is  the  cumulative 
end  item  density 

at  the  beginning  of  the  deployment  year. 

CONDEL  is  the  conditional  delay  time  required 
for  Major  Subordinate  Command  to  satisfy  a 
demand  for  an  out-of-stock 
item. 

CORPAR  is  the  estimate,  in  dollar  value  of 
the  cost  attached  to  system  downtime. 

Essential  Repair  Parts  Stockage  List. 

An  ERPSL  is  a  stockage  list  of  demand 
supported  and  essential  non-demand  supported 
spares  required  to  reach  an  operational 
availability  objective. 

Essentiality  Code.  The  ESS  determines  whether 
the  part  is  essential 
to  the  systea. 

Fault  Isolation  Module.  FI9  is  defined  as  an 
item  that  requires  removal  and  replacement 
to  determine  failure.  If  an  item 
is  defined  as  FIH  it  is  required  to  have 
a  minimum  stockage  of  one  spare. 

Line  Replaceable  Unit.  An  LRU  is  an  essential 
item  which  is  removed  and  replaced  at  field 


BCTBF 


level  to  restore  the  end  item  to 
operationally  ready  condition. 

Sean  Calendar  Time  between  Failure.  SCTBF 
is  the  expected  uptime  per  cycle. 

HLDT  Bean  Logistics  Delay  Time.  SLOT  is  the 

expected  delay  until  a  operational  spare 
becomes  available. 

STD  Haintenance  Task  Distribution.  These  are 

percentages  of  total  system  removals  of 
the  part  that  will  be  repaired  at  each  level. 

BTTH  Bean  Time  To  Repair.  STTR  is  the  expected 

repair  time  when  spares  are  available. 

OPL  Operating  Level  Days.  OPL  is  the  number 

of  days  of  stockage  that  is  used  to  sustain 
normal  operations. 

OST  Order  and  Ship  Times.  This  is  the  time  required 

to  move  a  spare  from  user  and  support  units. 

REPCYC  Repair  Cycle.  REPCYC  time  is  the  number  of  days 
it  takes  to  ship  the  part  to  the  repair  facility 
plus  the  number  of  days  naad9d  to  repair  the  part. 
This  value  does  not  include  the  time 
necessary  to  return  the  part  backed  to  the  user. 

BEPR  Replacement  Rate.  REPR  is  the  percent  of  removed 

parts  that  is  uneconomicably  repairable. 

BSC  Retail  Stockage  Criterion.  RSC  is  the  number 

of  demands  per  year  that  must  be  experienced 
by  a  unit  before  it  is  authorized 
to  stock  a  spare. 

RTD  Replacement  Task  Distribution.  STD  are  the 

percentages  of  total  system  removals  of  the  part 
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at  each  echelon 


SIP 


SfiU 


TARGET 


URR 


Standard  Initial  Provisioning,  The  SIP  aodel  is  a 
mathematical  nodal  containing  the  procedures  used 
in  the  provisioning  procedure. 

Shop  Replaceable  Unit.  An  SRU  is  a  component  or 
assembly  used  in  the  repair  of  a  component  LRU 
when  the  LRU  has  been  removed 
from  the  non-opera tional  system. 

TARGET  is  the  searc'  feature  used  in  the  SESAME 
model.  Rhen  the  TARGET  value  is  set  less  than  1.0 
it  represents  a  target  operational 

availability.  For  example,  .95,  represents  a  target 
of  95%  operational  availability.  A  value  greater 
than  1  represents  a  dollar  value.  For  example, 

100  represents  a  search  limit  of 
one  hundred  dollars.  Therefore,  the  model  will 
search  for  the  best  operational  availability  using 
only  one  hundred  dollars. 

Unserviceable  Return  Rate.  This  is  the  amount  of 
items  that  cannot  be  repaired  at  the  depot  level 
and  must  be  replaced  through  wholesale  stockage. 


HHOFIL 


RHOFIL  is  the  wholesale  stack  availability. 
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